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The title of the invention has been amended (Guidelines for Examination in the EPO, A-lll, 73). 

The application is published incomplete as filed (Article 93 (2) EPC). The point in the description or the claim(s) at which the 
omission obviously occurs has been left blank. 

@ DNA molecules encoding non-A, non-B hepatitis antigens, and their use In producing said antigens. 

@ Provided herein are a DNA fragment which contains a base 
sequence coding for a non-A non-B hepatitis-specific antigenic 
protein occurring in celts of the liver affected with non-A non-B 
hepatitis, an expression vector In which said DNA fragment is 
inserted Into a cloning site present downstream from a 
promoter thereof, a transform ant obtained by Introducing said 
expression vector Into a host, and a process for producing said 
antigenic protein which comprises providing said expression 
vector, transforming a host with said expression vector, 
culturing the transformed host and collecing the protein 
produced therein. 
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P?I^?^ GMEMTS C0DING P0R ANT IGENS SPECIFIC TO NON-A NON-B HEPATITIS. EX PRESSION 
VECTORS CONTAINI N G SAID DNA FRAGMENTS. TRANSFORMANTS AND PROCESS FOR P RODUCING 

SAID ANTIGENS ~ 

5 

BACKGROUND OF THE INVENTION 
Field of the Invention : 

The present invention generally relates to the production of an antigen specific to non-A non-B hepatitis by 
10 recombinant DNA technology. More particularly, it relates to a DNA fragment coding for an antigen specifically 
°^ CU J™9 m J host affected with non-A non-B hepatitis, an expression vector containing such a DNA fragment, 
a host transformed with such an expression vector, as well as a process for producing said antigen specific to 
non-A non-B hepatitis by cufturing such a transformant. 

15 Description of the Prior Art : 

Among viral hepatitises, the viral entities of hepatitis type A and type B have been found and, accordingly it 
has now become possible to diagnose such diseases by immunological methods. 

Still another type of hepatitis different from the types A and B, which Is called non-A non-B type hepatitis is 
said to be over 90<Vb of post-transfusion hepatitis: refer to NIPPON RINSHO (Japan Clinic), 35 2724 (1977)' J 
S 0 ^ 8 ?" ^1 243 (1 £ 76) ' 1116 P atn °9 enI c virus of the non-A non-B type hepatitis, howeverThas not yet been 
Identified. Only one fact which has already been established Is potential infection of human hepatitis type 
non-A non-B virus to chimpanzee: refer to Lancet I, 459 (1978); ibid., 463 (1978) 

Many workers have done various Investigations for searching arTamigen-antibody system related to the 
non-A non-B hepatitis by using mainly sera from patients affected with the disease; nevertheless, no definite 
25 system has been found. Under these circumstances, the diagnosis of non-A non-B hepatitis should inevitably 
be effected by so-called exclusion diagnosis : that Is, whether or not the hepatitis of a patient is type A or type 
B or other "hepatitis due to a virus known to cause hepatopathy. for example, CMV, HSV, EBV. etc.. is first 
determined; and if not, the patient's hepatitis is diagnosed as non-A non-B type. Thus, such a diagnosis of 
non-A non-B hepatitis will require much time and labor. 

An antigenic protein specific to non-A non-B hepatitis and useful for the direct diagnoses of the hepatitis 
has been purified from human and chimpanzee hepatocytes affected with non-A non-B hepatitis, and a 
monoclonal antibody specific to the antigen and useful for the treatment of the non-A non-B hepatitis has also 
been proposed: refer to Japanese Patent Application Laying-open (KOKAI) Nos. 176856/86 and 56196/86 
A large amount of such an antigenic protein specific to non-A non-B hepatitis should be required when such 
a protein is to be employed, for example, as a diagnostic agent. However, it is not always appropriate to purify 
such a large amount of the antigenic protein from chimpanzee hepatocytes affected with non-A non-B 
hepatitis. 

On the other hand, in order to detect a gene coding for a specific antigen of non-A non-B hepatitis by nucleic 
acid hybridization and, further, to produce such an antigen specific to non-A non-B hepatitis by the 
recombinanl tDNA technology, it is essential to obtain a gene fragment coding for the antigenic protein specific 
to the non-A non-B hepatitis. 

SUMMARY OF THE INVENTION 

The present Inventors have made great efforts to produce such a specific antigenic protein in a large 
amount by genetic engineering techniques, and finally isolated a gene fragment coding for the antigenic 
protein specific to non-A non-B hepatitis, said gene fragment being useful for the production of such antigens. 
Further the inventors have successfully constructed" an expression vector containing said gene fragment 
Thus, the present invention has now been attained. 

It is an object of the invention to provide a DNA fragment which contains a base sequence coding for an 
antigen specifically occurring in a host ceil affected with non-A non-B hepatitis or an antigenic protein specific 
antigen " hepatWs havin 9 Physiological activities equivalent to those of said specifically occurring 

/^nottw oblact of the invention Is to provide an expression vector having said DNA fragment Introduced 
thereinto at a cloning site downstream from a promoter of the vector. 

A still another object of the invention is to provide a transformant obtained by transforming a host cell with 
saia expression vector. 

nnn ?S ° f !♦ 8 . invent | on Is to P rov(d e * P™ess for producing such an antigen specific to non-A 
non-B hepatitis by cultunng said transformant. 

60 BRIEF DESCRIPTION OF THE DRAWINGS 

Ha^« rt °o b, ^ S J nd advanta S es of P rese nt invention will be apparent from the following detailed 
description with reference to the attached drawings, in which: 

Figs. 1a-1 e show the base sequence coding for an antigenic protein specific to non-A non-B hepatitis; 
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Fig. 2 shows the base sequence of a hybrid promoter Pao ; 

Figs 3a-3c show the base sequence of a cDNA fragment obtained In Example 1 described 
herelnbelow. together with deduced amino acid sequence- «=*»np« aescriDea 

JSi 8 „ JSSSI^a^ IT 6 " 06 01 ° DNA contaJnin 9 m * 'en^ gene sequence of an antigenic 
protein specrfic to non-A non-B hepatitis, which cDNA was obtained in Example 2 described herelnbelow s 
thebasesequencew- 388the^^ 

Fig. 5 schematically illustrates the construction of a plasmid pCV44H ; 

Fig. 6 schematically illustrates the construction of a plasmid pCV44B; and 

Fig. 7 schematically illustrates the construction of a plasmid pCZ44. 

DETAILED DESCRIPTION OF THE INVENTION 10 

The present Invention will be described In detail herelnbelow 
coJSr'^intfn? aSPe< ? ° f thS T nti0n " 3 DNA fra 9 mant 18 P"***"* ^ich contains a base sequence 

such a DNA fragment of the invention may be prepared in the following manner 

tJSmi ^^n.^" 118 " d6rtVed fr0m a numan or """W indivldual affected with non-A non-B 
uk 9 T d J n m aqU60US Solution of Senium thiocyanate and then subjected to cesium 
2E5££ftElT dnSKy grad,ent ""Ration according to Chlrgwln et al. method (BioctamTsS 18 
5294-5299 (1979)) to separate total RNA as a precipitate. After separation, tie total RNA Is purified Mbyohenli 
extraction and ethanol precipitation. 'wrapunneaoypnenoi 

•Individuals affected with non-A non-B hepatitis- used as sources of liver tissue specimens In the invention 
may include those affected whh so-called type D hepatitis, which has recently been named 
niinn^ 0 ^.. 1 . * * T mi9m 9ene 9eneraJly has a P 0 ^ cnaJn - Thus, the total RNA Is subjected to 
W?I^J^1!SSr^ a C ° nVenti0na ' ^ *" ^—tam.ng RNA W A* 

A cDNA library corresponding to the poly A* RNA Is then obtained from the mRNA material according to the 

the mRNA material are randomly synthesized using any primer of e.g. about 6 bases and a reverse 

transcriptase. 

tJ^™ D A NA b Hf^L 81 ! DNA metn y |aSB . e-g. EcoRI methylase. to protect cleavage sites present in so 
the cDNA capable of being cleaved by a corresponding restriction enzyme. e.g. EcoRI. A DNAIInker 
. ^! OTrr efP° ndin 9 restriction enzyme cleavage sites at both ends. e.g. EcoRTlirTker (CGAATTCG) 

m n^ at l d CDNA th8n ' "» cDNA te d, 9 ested v^th the reitfictfon enzyme.^ EcoRI. 
The digested cDNA is then cloned into a cloning vector such as a plasmid or a X phage. For examplilhe 
cDNA may be introduced into EcoRI site of Xgt 11 DNA. which is an expression cloning vector: refe? to RA ss 
Younget^ * 

ESE. Phage Thus expression of the cDNA can be easily verified by the production of afusedjrotein with 
H^?^ dU t? D ? UC ?° n * *" ex » )ression bv »• operon promoter of said phage when eVcoII 
transfected with said phage Is cultured In a medium containing IPTG (isopropylmlo^-D-ga^opyranolid|r 
•p™!h^ Vi P o 89e ' noor Pf raUn g *e cDNA Is then introduced into E. coll by Tomfeawa et al method in 
Experiments Procedures for Bacteriophages', pp. 99-174. published May 30. 1970 by IwirTami Shoten 
(Japan). The thus transfected microorganism is cultured in an IPTQ-containing medium 

JEfJ?*" ? 6d i ?" be 8asily se,ected •* 30 Immunological screening method using a monoclonal 
antibody specificaiy directed to non-A non-B hepatitis to obtain a desired cDNA Such a monoclonal antibody 
! '"r? 6 immunolo 9 ical screening method may be prepared according to the methods 
desenbed in Japanese Patent Application Laying-open Nos. 176856/86 and 56196/86. The screening methods 
used may include the western blotting technique described in these applications memoes 
pt? e m 'S 8 n P Mf i ! iVe '"Jhenrnmunologlcal screening test are selected to proliferate the phage by Tomfzawa 

ttXF" ? £ . P « m the 9r0Wn Pha9 ° by T - ManIatis et method ,n ■Molecular Cloning'. Cold 
Spring Harbor U^ratory. pp. 85 et seg. (1982). and cleaved with a suitable restriction enzyme such as EcoRI so 

cDNA segment according to Maxam and Gilbert method In Methods In Enzymology. 65, 499-560 (1980)- or 
alternatively, after further cloning the DNA fragments Into M13 phage, the baYe SmSlSSi a Sred 
U SA. 74 m 5463 C cr977) d8term,ned accord,n g l ° *• « d eoxy method: Sanger et al.. Proc. Natl. Acad. Scl. 

«. J5?ri?^ frB9ment °° din 9 for m m *> en SP**® 0 to non-A non-B hepatitis can be obtained. However, 
wflgen fragment may usuaBv be onlv 8 P° rtion *• gene coding for the non-A non-B hepatttis-speeffle 

ma*,™ 18 " 9 * 00 ^ 0 ^ 

n'2? r rK*" <n, ? HA J s ISOlat8d md purifi8d in a rnanner simi,ar t0 ** described above. From the poly A*-mRNA a 
^70 0982)° d ^ 
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foAnSf Tal" 1 ?^ ^ u CDN u A ^ prepared is used t0 trMWfom E - 0011 b V ^ conventional method, 
for instance, the method D. Hanahan: J. Mol. Biol., 166, 557 (1983). The Hhsformant ampiciilin-resistant 
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strains are collected and screened by the colony hybridization method using the aforementioned ONA 
fragment as a probe. Such a probe may preferably be prepared by either the strepto-avidin method, or the nick 
translation method using photobiotinnucleic acids and 32 P-nucleic acids. 

The thus selected colonies containing a cDNA clone are cultured. Plasmid DNA is obtained from the 
6 cultured colony according to Birmboim et al. method (Nucleic Acid Res., 7, 1513 (1979)) and digested with a 
suitable restriction enzyme. The base sequence of a desired full-length cDNA segment is then determined 
according to the aforementioned Maxam and Gilbert method or, alternatively, after further cloning the digested 
DNA Into M13 phage or pVC12 plasmid, such a base sequence Is determined according to the above 
described Sanger et at. dideoxy method. 
10 The base sequence of the full length DNA coding for an antigen specific to non-A non-B hepatitis is shown in 
Fig. 1 , in which the symbol just under the base sequence represents a corresponding base complementary 
to the respective base described just above each of the symbols. 

Of course, DNA fragments which can be employed In the Invention do not necessarily contain the same 
base sequence as shown in Fig. 1 , but those DNA fragments in which a part of said base sequence shown in 
15 Rg. 1 has been substituted by at least one different base or deleted therefrom and those DNA fragments in 
which one or more additional bases have been added to the base sequence of Rg. 1 may also be included 
herein provided that such different DNA fragments may code for substances having physiological activities 
equivalent to those of the non-A non-B hepatitis-specific antigens encoded by the base sequence of Fig. 1. 

According to another aspect of the invention, an expression vector is provided in which the aforementioned 
20 DNA fragment of the invention is inserted into a cloning site downstream from a promoter of this vector. 

The expression vector of the invention contains a promoter in a position capable of controlling the 
transcription of a DNA fragment coding for a non-A non-B hepatitis-specific antigen obtained by the 
aforementioned method. The promoters used in the invention may be any promoter capable of expressing the 
DNA fragment in a host, and preferably of controlling the transcription of the fragment. 
25 When a host used Is a microorganism such as Escherichia coll , Bacillus subtilis , etc., the expression vector 
of the invention may preferably comprise a promoter, a ribosome binding sequence, a gene for a non-A non-B 
hepatitis-specific antigen, a transcription termination factor, and a gene controlling the promoter. 

The promoter used may include those derived from E. con, phage, etc., for example, tryptophan synthase 
operon (trp), lactose operon (lac), lipoprotein (Ipp), recA, lambda phage Pl, Pr, T5 early gene ?2B, P26 
30 promoter, which may also be prepared by chemical synthesis. Also included herein are hybrid promoters such 
as tac (trp:lac), trc (trprlac) and Pac (phage:E. co[i) shown in Fig. 2. 

The ribosome binding sequence may be derived from E. con, phage, etc., but preferably may be those 
synthetically prepared, for example, those containing a consensus sequence such as 

35 

AGGAG GTTTAA. 
SD sequence 

40 

The gene for a non-A non-B hepatitis-specific antigen may be directly employed without any modification. 
Preferably, an unnecessary base sequence (non-coding region) may be deleted by site-directed mutagenesis: 
BIO TECHNOLOGY. July, 636-639 (1984). 
4$ A transcription termination factor may not always be required in the expression vector of the invention. 
Preferably, the instant vector may contain a p-independent termi nator, for example, Ipp terminator, trp operon 
terminator, ribosomal RNA gene terminator, etc. 

The expression vector may be derived from any conventional plasmid. Preferably, It may be derived from 
such a plasmid as replicating itself in E. coll or Bacillus subtilis , for example, pBR322- or pUB110-derived 
SO plasmid. 

Desirably, these factors required for expression are arranged in the expression plasmid in the order of the 
promoter, the SD sequence, the structural gene of a non-A non-B hepatitis-specific antigen, and the 
transcription termination factor from 5' to 3'. A repressor gene required to control the transcription, a marker 
gene such as drug-resistant gene, and a plasmid replication origin may be arranged in any order in the 
55 expression vector. 

The expression vector of the invention may be introduced into a host by any conventional method for 
transformation of E. coll, e.g., one described In Molecular Cloning, 250-253 (1982), or of Bacillus subtilis , e.g., 
one described in Molec. Gen. Genet, 168, t11-115 (1979) or Proc. Nat Acad. Sci. U.S.A., 44, 1072-1078 (1958). 

The resulting transformant may be cultured in any conventional medium, e.g. one described In Molecular 
eo Cloning, 68-73, (1972), at a temperature In the range of 28 to 42° C in both cases of E. coH and Bacillus subtilis . 
Preferably, it may be cultured at a temperature in the range of 28 to 30° C where no expression of heat shock 
proteins may be Induced. 

The desired protein thus produced may be easily purified from the host in conventional procedures. For 
example, the host cell may be crushed by lysozyme-surfactant or ultra-sonicatlon, and the Insoluble fractions 
es which contain the desired non-A non-B hepatitis-specific antigen may be then collected by centrffugation, 
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solubilteed In a surfactant such as 0.01o/b SDS, and subjected to column chromatography using a monoclonal 
antibody (Japanese Patent Application Laylng-open (KOKAI) Nos. 56196/86 and 176856/86 
Is Srab^aTfono^ 811 *"* ** *" ^ " emptoyed 85 a •»*■ ,he expression vector of the Invention 

^ e «^ m a nwT« USed I* V8Ct0r °* ,nvention for th8 expression h eukaryotic cells may herein Include 
SiSnS!^?? Promo ers; promoters of apolipoprotein E and A-l genes; promoter of heat shock protein 
gene (Proc. Nat I Acad. Sci. USA, 78. 7038-7042 (1981)); promoter of metallothlonein gene (Proc Natt Acad 

a^ preSed ' retrovfrus: 8tc - ^ P romoter ^oter of metallothlonein gene 

•JiTl'K!?'!! ° f , the j nvention ™» contei n * splice sequence comprising 5' splice junction donor 
c TjJT* ^ ♦ " S 5"° 8 1""^°" acceptor site - A oommon b888 '* at all the splice junction 

i thi doTr SZ"??" Sl ? 6S = S °? a " ed QTMG m,e *"» "V lntro " always starts from two bases GT 
at the donor site and terminates at two bases AG of the acceptor site has been established 

vector ^ * e invention may contain one or more splice sequences as mentioned just above 
hSSSS^SS^ P° si «°nad upstream or downstream of the structural gene for a non-A non-B 

„K l L l !»T t I Ve „ eXa,np ' eS = 0 t SUCh Spl,ce sec ' uences ™y delude those DMA sequences found in exons 2 and 3 of 
rabbit B-globin gene (Science. 26. 339 (1979)) and mouse methallothionein-l gene containing the promoter 
exons 1. 2 and 3 and introns A and B of methallothloneln gene (Proc. Natl. Acad. Sci. U.SA. 77. 6513 (1980))' so 
^e5'and3's P l.ces^ 

SI be empSJ " aden0V,rUS DNA is ,inked t0 3 ' s P ,lco slte dertved <™ *he gene of Ig variableTegion 

The expression vector of the invention also contains a polyadenylatJon site downstream from the structural 
gene of a non-A non-B hepatitis-specific antigen. Illustrative examples of the polyadenylatJon sites may Include 

sites of 8-globin gene and SV40 DNA may be employed in the Invention y«»nyiaiion 
The expression vector of the invention may also contain a dominant selective marker permrttma the 

£ ?J re xate) resistance to a host; tk gene of herpes simplex virus (HSV) which permits selection of tt? 
strains transformed therewith in HAT medium; the gene for aminoglycoside 3'-phosphott^sferase fron^E coll 
transposon Tn5. which imparts to a host the resistance against 3'-deoxystreptamine antibiotic G418- bS 
papnioma virus gene permitting morphological discrimination by piled up growth; and aprt gene 
Alternative*, animal cells transformed with the expression vector of the Invention may bTselected by the 

^So^ 0 ^h Ve h n ^ 9h 00 36le ? 5tiVe m f tar " Pr6Sent ,n the vector - For «* P^ose. an animal ceB Is 35 

^ * , 8Xpress,on V8ctor and a plasmid or other DNA containing a gene for such a 
selective marker and selected by a phenotypic trait of the gene 

.hSS!^,* 9 expression vectors may also contain a plasmid fragment having an origin of replication 

S£i KK5S£.TS,"i: - s,nce "* vectors 000 68 c,oned ,n bacteria - Such ^ ~* 

Illustrative examples of plasmid vectors used as sources of the expression vectors accordinq to the 

'SSZ 'SS.f ^ PKCR T h 0 "' Acad - ^ a 1528 (« 8 D). w«ch oonSTSSo J5; 

wlr f P ? s T enCe . and P o| y ad enylatlon site derived from rabbit B-globin gene, the polyadenylatlon 
srte from SV40 early region, and the origin of replication and ampicilOn resistant gene from DBR322- oKCR H2 
Nature 307. 605 (1984)). In which the pBR322 portion of pKCR has been mibmSSS^K^SSZ 45 

containing BPV gene and methallothloneln gene (Proc. Nati. Acad. Sci. U.S.A 80~396 (1983)) 
moCfceK^ 

t ra ?ll n ^ U( ; ti0r l ? f ^ e expr8Ssion wctor ot lh e Invention into an animal cell may be carried out by 50 
transaction, microinjection, etc. Most often, the transfection may employ CaPO*: Virology 52, 456-467 11973) 

miSZZZ t ^!f 0m, H ed "I introducin 9 me egression vector of the invention nwtertSed in a 
RPMM640. ete m * COnvention81 metnods - 108 oulture medium used Is most often MEM 

as*t e ±^^ - 

InventtoJKS"^ Pr ° V ' deS 8 tranSf0miant Ce " obtaJned "* ******* the expression vector of the 
Also provided according to the invention is a process for producing a non-A non-B heoatltis-sDeciflc 

^ transtormant — C0l,8c «ng the prodded and SSSaSS^ 60 
whan a ^ USly ; a ' aro - 8 1 . 8mount of an antigenic protein specific to non-A non-B hepatitis Is riqu red 
™«n»^ ? 0tel " ,S k° b8 ^" Zed 88 8 dIrect di agnostlc agent According to the present Invention. suVhan 
X^ Pr °o T be produced *■* 8 low 0081 and a large scale without use of Infected chlmpan^ 
^nS 63 - « ° rt ° * G Present ,nvent,on - tt has b8en difficult obtain such a large -nour^SA^SS 
hepatitis-specific antigenic protein from hepatoses of chimpanzees affected^fth non-A non-B hematite 65 
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Further, the DNA fragment coding for an antigenic protein of non-A non-B hepatitis virus according to the 
present invention will be useful as a probe for detecting the gene of said antigenic protein by nucleic acid 
hybridization. 

5 EXAMPLES 

The following examples will be given by way of illustration but these examples in no way limit the scope of the 
invention without departing the concept thereof. 

EXAMPLE 1 ; Preparation of cDNA Fragment Coding for Antigenic Protein Specific to Non-A Non-B Hepatitis 
10 Poly(A)-containing RNA was prepared from chimpanzee liver according to the guanidine thiocyanate-lithium 
chloride method: CathaJa et af., DNA, 2, 329 (1983). 

The Infected liver (5 g) was taken out from a chimpanzee affected with non-A non-B hepatitis and 
immediately frozen by liquid nitrogen. The frozen liver was added into a Waring blender together with liquid 
nitrogen and ground at 3,000 rpm for 2 minutes. The ground liver specimen was further ground by a Teflon 
15 homogenizer at 5 rpm in 100 ml of a solution: 5 M guanidine thiocyanate, 10 mM EDTA, 50 mM Tris-HCI (pH 7), 
80/o (v/v) p-mercaptoethanol. The thus solubilized material (20 ml) was slowly placed on 5.7 M CsCI solution (10 
ml) contained in a centrifuge tube and centrffuged at 27,000 rpm for 20 hours in Hitachi RPS 28-2 rotor. The 
thus precipitated RNA was collected and dissolved in 10 ml of a solution: O.Wo sodium laurylsuifate, 1 mM 
EDTA, 10 mM Tris-HCI (pH 7.5). The RNA was extracted with phenol-chloroform and re covered by ethanol 
20 precipitation. 

The thus obtained RNA (about 3.95 mg) was dissolved In 1 ml of a solution: 10 mM Tris-HCI (pH 8.0), 1 mM 
EDTA. The solution was incubated at 65° C for 5 minutes, and 5 M NaCI (0.1 ml) was added. The resulting 
mixture was subjected to chromatography on an oligo(oT) cellulose column (column volume of 0.5 ml, P-L 
Biochemical). The thus adsorbed poly(A)-containing mRNA was eluted with a solution: 10 mM Tris-HCI (pH 
25 7.5), 1 mM EDTA. There was obtained about 100 ug of poiy(A)-containlng mRNA. 

The thus obtained poly(A) + mRNA (10 u.g) was dissolved In 50 ui of RT buffer: 20 mM Tris-HCI (pH 8.8), 0.1 M 
KCl, 12 mM MgCl2, 2 mM MnCl2. To this solution, there was added 8 fig of random primer d(N)e (P-L 
Biochemical). The resulting mixture was heated at 95° C for 3 minutes to denature the materials, which was 
then cooled gradually to room temperature to anneal the random primer with the mRNA. To the annealed 
30 mixture, there were aded 10 mM 4NTP (10 pJ) and reverse transcriptase (225 units) from TAKARA SHUZO 
(Japan), and then water was added so as to make the total volume of the mixture to 100 ui. Reaction was 
allowed to proceed at 42° C for one hour. 

To the reaction mixture (50 uJ), there were added 10 mM NAD (2 ui), 10 mM 4dNTP (10 uJ), RNase H (5 units), 
E. coll llgase (1 unit), E.cojl DNA polymerase I (6.3 units), and 10 x T4DNAIigase buffer (10 ui; 0.1 M Tris-HCI, 
35 pH 7,5, 0.1 M DTT, 60 mM MgCfc) to make the total volume to 100 ui. The mixture was allowed to react at 37°C 
for one hour to synthesize a double stranded DNA. 

The thus obtained double stranded DNA was extracted with an equal volume of water-saturated phenol. 
Phenol In the aqueous layer was removed with the aid of ether followed by ethanol precipitation. The 
precipitate thus obtained was dissolved in 50 uJ of water, and 10 x T4 DNA polymerase buffer (10 ui; 0.33 M 
40 Tris-acetic acid, pH 7.9, 0.66 M potassium acetate, 0.1 M magnesium acetate, 5 mM DTT), 10 mM 4dNTP (10 
ui), and T4 DNA polymerase (6 units) were added to make the total volume to 100 uJ. The mixture was reacted 
at 37° C for one hour. There was obtained a double stranded DNA having blunt ends, which was then extracted 
with phenol to remove proteins and purified by ethanol precipitation as described above. The thus purified 
DNA was then air dried. 

45 To the purified DNA, there were added 50 mM Tris-HCI (pH 7.5), 1 mM Na 2 EDTA, 5 mM DTT (20 ui), 100 uM 
S-adenosyl-L-methionine (2 ui), and 1.8 mg/ml EcoRI methylase (0.2 uJ). Reaction was effected at 37° C for 15 
minutes, whereby methyiating the Eco RI restriction enzyme cleavage site on the DNA fragment The reaction 
mixture was then heated at 70° C for 15 minutes to deactivate the enzyme. 
To the reaction mixture, there was added 3'-phosphorylated Eco RI linker (GGAATTCC) in an amount of 100 

50 molecules thereof per molecule of the synthetic DNA. There were further added 10 x T4 DNA llgase buffer (5 
ui; 0.5 M Tris-HCI, pH 7.5. 60 mM MgCIa, 10 mM DTT), 0.1 M ATP (5 ui), and T4 DNA llgase (5 units) to make the 
total volume to 50 ui. The resulting reaction mixture was reacted at 4°C for 16 hours followed by heating at 
70°C for 10 minutes to deactivate the enzyme. Then, 10 x Eco RI buffer (10 ui; 15 M Tris-HCI, pH 7.5, 0.5 M 
NaCI, 60 mM MgCfe), and Eco RI (100 units) were added to make the total volume to 100 ui, and the reaction 

55 mixture was reacted at 37°C for 2 hours to cut the linker. The reaction mixture was passed through Bio Gel 
A-50 (0.2 cm x 32 cm, Bio RAD). Elution was effected by a buffer: 10 mM Tris-HCI (pH, 7.5), 6 mM MgCfc. 
Excess EcoRI linker was removed and, thus, a double stranded cDNA having EcoRI sites at both ends thereof 
was purified. 

To the thus obtained double stranded cDNA fragment having Eco RI sites at both ends, there were added gt 
60 1 1 DNA (10 jig) cleaved with EcoRI, 10 x T4 DNA llgase buffer (10 ui) as described above, 0.1 M ATP (10 uJ), 
and T4 DNA llgase (10 units) to make the total volume to 100 uJ. The mixture was reacted at 4°C for 16 hours. 
Thus, said double stranded cDNA fragment was Inserted into Xgt 11 DNA. 

The X phage packaging kit (PROMEGA, Biotech) was used to introduce said DNA into X phage particle. The 
procedures for packaging were effected according to the instructions of the kit. 
65 The Xgt 11 phage having said DNA packaged thereinto was used to transfect E. coli strain Y1090 to form 
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plaques according to the conventional Tomizawa et aJ. methods described In "Experimental Procedures for 
Bacteriophages', pp. 99-174. published May 30, 1970 by Iwanami Shoten (Japan). Among about 200 000 
plaques, one positive clone was selected by Immunological screening as described herefnbelow A 
monoclonal antibody used In the immunological screening was prepared by the method described In Japanese 
Patent Application Laying-open (KOKAI) No. 176856/86. 

JtJsnl V°^y iH ;t Y ° U " 9 -r?* 0 ' Natl ' Acad ' U - aA - 52* (1983), which had been 

transfected with Xgt 1 1 , was inoculated in a petri dish together with soft agar held at 42°C. The transfected cell 

!?* w°l^l t0 Stand at 420 C f ° r 5 hours - A nftroce| M<*e filter (S & S. BA-83, pore size of 0.2 tun) containing 
10 mM IPTG was placed on the cell In the dish and incubation was effected at 37°C for 3-4 hours This 
nitrocellulose filter was lightly rinsed with TBS buffer (10 mM Tris-HCI, pH 7.5, 50 mM NaCI) immersed in the 
TBS buffer (400 ml) containing 3<Vb gelatine and snaked at 40°C for one hour. Thus, the nitrocellulose filter was 
blocked. Then, a monoclonal antibody (OD 28 o=4.3) directed to a non-A non-B hepatitis-specific antigen was 
added to TBS buffer containing Wo gelatine with a dilution of 1/400. This mixture was put into a vi.wi baa 
together with the filter in a proportion of 2 ml of the mixture per filter, and reaction was allowed to proceed at 
room temperature for 16 hours. The reaction mixture was three times washed with TBS buffer (400 ml) 
containing 0.05<Vb Tween 20 over 10 minutes. A labelled secondary antibody, anti-mouse IgG-PAP 
(horseradish peroxidase, Bio Rad) was added to TBS buffer containing Wo gelatine with a dilution of 1/1 000 
This mixture and the filter were put into a vinyl bag with a proportion of 2 ml of the mixture per fitter Reaction 
was allowed to proceed at room temperature for 2 hours. The reaction mixture was three times washed with 
TBS buffer (400 ml) containing 0.05<Vb Tween 20 over 10 minutes, In the same manner as described above 
Color development was effected by dipping the filter and 4-chloro-1-naphthol (12 mg f Bio Rad) Into 20 ml of 
TBS buffer containing hydrogen peroxide. After completion of the color development, the filter was thoroughly 
washed with water and put Into a vinyl bag containing water. The bag was stored in a dark and cold place 

Thus, one positive plaque was obtained. The plaque was three times subjected to single plaque Isolation In 
each time, immunological screening was effected in the same manner as described above verifvina that the 
plaque was In fact positive. 7 y 

The phage was then cultured In a large scale to purify the DNA in the following manner* First E coll Y1090 
was cultured overnight in 10 ml of NZ medium prepared by adding NZ amine (10 g), NaCI (6 g) andl rnM MgCI 2 
to one liter of water followed by adjusting the pH to 7.2. The culture (1 ml) was transfected with the phage, with 
the m.o.1. (multiplicity of infection) being 0.1. The transfected culture was allowed to stand at 37°C for 10 
minutes and then transferred to one liter of NZ medium. Shaking culture was effected at 37°C for 7-8 hours 
until the cells were lysed. Chloroform (5 ml) was added to the culture and shaking was continued for additional 

k?~.^~ 1 T e CUtture WBS sub i ected to centrifugation at 6,500 rpm for 10 minutes to remove cell debris 

NaCI (29 g) and polyethylene glycol (70 g) were added to and thoroughly dissolved in the obtained 
supernatant, and the solution was allowed to stand at 4°C overnight The precipitate was collected by 
centrifugation at 6 500 rpm for 20 minutes, drained thoroughly, and dissolved In 20 ml of TM buffer: 10 mM 
Tns-HCI (pH 7.5), 5 mM MgCfe DNase I and RNase A were added to the solution, both with a concentration of 
10 ug/ml, and the reaction was effected at 37°C for one hour. Chloroform (20 ml) was then added to the 
reaction mixture and stirred; thus, polyethylene glycol was distributed in the chloroform layer which was then 
separated from the aqueous layer. This aqueous layer was ultra- centrifuged at 28,000 rpm for 60 minutes 
Thus, a pellet of phage particles was obtained. 

This pellet was dissolved in TM buffer (1 ml) and subjected to CsCI density gradient centrifugation at 33 000 
rpm for 20 hours. The resultant fraction containing the phage particles (p = 1 .45-1 .50) was dialyzed overnight 
against TM buffer. Proteinase K was added to the dialyzate in an amount of 100 ug/ml and reaction was 
effected at 37° C for one hour. Thereafter, an equal volume of water-saturated phenol was added and 45 
phenol-extraction was gently effected. After centrifugation at 6,500 rpm for 10 minutes, the aqueous layer was 
removed, put into a dialysis tube, and dialyzed overnight against water at 4°C. Thus, about 5 mg of DNA was 
obtained. 

Cleavage reaction of this DNA (100 ug) with EcoRI (100 units) In the aforementioned buffer (100 ul) at 37° C 
revealed that two cDNA segments of 390 bp and 345 bp were inserted Into the phage DNA. 

These two EcoRI fragments were re-cloned into EcoRI site of a cloning vector pUC 1 19. Base sequences of 
" ere determined b Y the dideoxy method using commercially available primers 
k^^ 0 ^^ 0 ^ AQ TCACQACGTTGTA, respectively. The base sequence of the linking portion 
between these two DNA fragments was similarly determined by cutting this cDNA fragment at BamHI and 
¥^1 «? ■L P ^!.l ent thereIn ^ corres P°ndlng specific restriction enzymes, Inserting the~resu!tin& 
BamHI-EcoRV DNA fragment between BamHI and Smal sites of the plasmid pUC 119, and sequencing the 
fragment by the dideoxy method. ^ * 

The base sequence of said cDNA fragment is shown in Fig. 3. This was a partial cDNA fragment of a gene 
coding for an antigenic protein specific to non-A non-B hepatitis. 
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EXAMPLE 2: Preparation of cDNA Containing the Full Length Gene Sequence 

Messenger RNA was prepared as described in Example 1 and cDNA was synthesized using Okayama 
vector according to the conventional method described in Molecular Cloning, p. 21 1 et seq. The procedures 

used to synthesize cDNA were as follows: * 

To 300 uJ of a solution (10 mM Tris-HCI, pH 7.5, 6 mM MgCI 2 . 10 mM NaCI), there were added 400 ug of 65 
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pCDV 1 (Okayama and Berg, Mol. Cell. Biol., 3, 280 (1983)) and 500 units of Kpnl (TAKARA SHUZO, Japan), ail 
restriction enzymes used hereinafter having been manufactured by TAKARA SHUZO (Japan) unless otherwise 
noted. Reaction was effected at 37°C for 6 hours to cut the plasmid at Kpnl site therein. After 
phenol-chloroform extraction, ethanol precipitation was effected to recover DNA. 
5 The DNA (about 200 ug) cleaved with Kpnl was added to 200 uJ of a solution which was obtained by adding 
dTTP in a concentration of 0.25 mM to a buffer (TdT buffer) : 40 mM sodium cacodylate, 30 mM Tris-HCI (pM 
6.8), 1 mM CaCfe. 0.1 mM dithiothreitol (DTT). Further, 81 units of terminal deoxynucleotldyl transferase (TdT 
manufactured by P-L Biochemicals) was also added. Reaction was effected at 37° C for 11 minutes Thus a 
poly(aT) chain (about 67 deoxythymidylic acid residues) was added to the 3' end at the Kpnl-cleaved site of 

10 pCDV 1 . After phenol-chloroform extraction and ethanol-precipitation, about 1 00 ug of pCDV 1 DNA to which 
poly(dT) chain had been added was recovered from the reaction mixture. 

V 1 * *Mned DNA w 38 added to 150 uJ of a buffer (10 mM Tris-HCI, pH 7.5, 6 mM MgCfe. 100 mM NaCI). 
and Hgal I (360 units) was also added, followed by reaction at 37* C for 2 hours. The reaction mixture was 
subjected to electrophoresis on agarose gel to separate and recover about 3.1 Kbp DNA fragment. Thus there 

15 was obtained about 60 us of poIy(dT)-containing pCDV 1. 

The thus obtained DNA was dissolved in 500 uJ of a solution (10 mM Tris-HCI, pH 8.0, 1 mM EDTA) 
Incubated at 65°Cfor 5 minutes, and cooled on Ice. After adding 5 M NaCI (50 uJ), the mixture was subjected to 
chromatography on oligo(dA) cellulose column (Colaborative Research). DNA having a pofy(cm chain of 
sufficient length was adsorbed on the column and eluted with a solution: 10 mM Tris-HCI (pH 8.0), 1 mM EDTA 

20 Thus* tnere ^ obtained 27 ug of pCDV 1 to which poly(dT) chain had been added, abbreviated hereinafter as 
vector primer. 

A linker DNA was prepared in the following manner: To 200 uJ of a solution (10 mM Tris-HCI, pH 7 5 6 mM 
MgCfe, 50 mM NaCI), there were added about 14 ug of pL 1 (Okayama and Berg, Mol. Cell. Biol.. 3, 280 (1983)) 
and 50 units of Pstl. Reaction was effected at 37°C for 4 hours to cut the pL 1 DNA~at Pstl site. 
25 Phenol-chloroform extraction and ethanol precipitation of the reaction product gave about 13 uq of dLI DNA 
cleaved at Pstl site. 

The thus obtained DNA (about 13 ug) was added to 50 uJ of the TdT buffer containing dGTP at a final 
concentration of 055 mM, and 54 units of TdT (P-L Biochemicals) was also added. The mixture was incubated 
at 37 C for 13 minutes to add a (dG) chain (about 14 deoxyguanyiic acid residues) to the 3' end at the 
30 Pstl-cleaved site of pL 1. After phenol-chloroform extraction, DNA was recovered by ethanol precipitation 

The thus obtained DNA was added to 100 ui of a buffer (10 mM Tris-HCI, pH 7.5. 6 mM MgCI 2 , 60 mM NaCI) 
and 80 units of Hindlll was also added. The mixture was incubated at 37°C for 3 hours to cut the pL 1 DNA at 
Hindlll site. The reaction product was fractionated by agarose gef electrophoresis. About 0.5 Kb DNA fragment 
was recovered by the DEAE paper method: Dretzen et ah, Anal. Biochem., 112, 295 (1981). Thus, there was 
35 obtained an oligo(dG) chain-containing linker DNA, hereinafter abbreviatedsimpiy as linker DNA. 

The aforementioned poly (A) + RNA (about 2 ug) prepared In the same manner as In Example 1 and the vector 
primer (about 1.4 fig) were dissolved in 22.3 ui of a solution: 50 mM Tris-HCI (pH 8.3), 8 mM MgCI 2i 30 mM KCI, 

0. 3 mM DTT, 2 mM dNTP (dATP, dTTP, dGTP and dCTP) and 10 units of ribonuclease inhibitor (P-L 
>rt oL°^ h A !!Jl i ?? , t s) - To the so,utlon . th ere was added 10 units of reverse transcriptase manufactured by 
40 SEIKAGAKU KOGYO (Japan). Incubation was effected at 37° C for 40 minutes to synthesize a DNA 

complementary to the mRNA. After phenol-chloroform extraction and ethanol precipitation, the vector primer 
DNA to which a double stranded RNA-DNA had been added was recovered. 

The thus obtained vector primer DNA containing RNA-DNA double stranded chain was dissolved in 20 ul of 
TdT buffer containing 60 uM dCTP and 0.2 ug poly(A). After adding 14 units of TdT (P-L Biochemical), the 
mixture was incubated at 37°C for 8 hours to add a (dC) chain of 12 deoxycytidylic acid residues to the 3' end 
of the cDNA. The reaction product was extracted with phenol-chloroform and precipitated with ethanol to 
recover a cDNA-vector primer DNA to which a (dC) chain had been added. 

The thus obtained (dC) chain-containing cDNA-vector primer DNA was dissolved in 400 ul of a solution (10 
mM Tris-HCI, pH 7.5, 6 mM MgCI 2 , 60 mM NaCI), arid 20 units of Hindlll was also added. The mixture was 
Incubated at 37°C for 2 hours to cut the DNA at Hindlll site. ThTreaction product was extracted with 
phenol-chloroform and precipitated with ethanol. Thus, there was obtained 0.5 pmole of a (dC) 
chain-containing cDNA-vector primer DNA. 

1. I he ^ S / f > ^ ned (dc > chain-containig cDNA-vector primer DNA (0.08 pmole) and the aforementioned 
linker DNA (0.16 pmole) were dissolved in 40 uJ of a solution: 10 mM Tris-HCI (pH 7.5), 0.1 M NaCI, 1 mM EDTA. 
The resulting solution was incubated at 65°C for 10 minutes, at 42°C for 25 minutes, and then at 0°C for 30 
minutes. The taction mixture was adjusted to 20 mM Tris-HCI (pH 7.5), 4 mM MgCI 2 . 10 mM (NH 4 )2S0 4 , 0.1 M 
KGI and 0.1 mM p-NAD In a total volume of 400 ui. 

To the reaction mixture, there was added 10 units of E. coli DNA iigase (New England Biolabs), followed by 
incubation overnight at 1 , o c After adjustjng the concentrations of dNTP and p-NAD in the reaction mixture to 
60 40 £M and 0.15 mM. respectively, by supplementing necessary reagents, 5 units of E. coli DNA Iigase, 7 units 
Jf zrr* u polyrnerase 1 (fM - Biochemicals) and 2 units of E. coll ribonuclease H~(PTBtochemicals) were 
added to the reaction mixture. The mixture was Incubated at 12°C for one hour and then at 25°C for one hour 
in the course of the above reactions, a recombinant DNA containing the cDNA was cyclized and the RNA 
portion of the RNA-DNA double stranded chain was substituted by DNA. Thus, a desired recombinant plasmid 
65 containing a complete double-stranded DNA was produced 
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CATGGTTGCATG wherein x represents a 
base substitution. 



I h Jl Sy rJ« 8M . C .5 rimer (150 pmo,e) *" treated T4 Polynucleotide kinase (20 units) In 10 ul of a kinase 

^Ji 0 - 05 r 0,e)l Fra9ment " (005 pmo,e > • nd S'-Phospho^lated primer (45 pmole) were 
?52?„ S^^^^'^e buffer (0.5M NaCI. 3SL5 mMTris-HCI. pH7.5. 40 mM MgCfe 5™M 
Mercaptoethanol) to make the total volume of the mixture 34.8 uJ. The mixture was boiled at WC far 3 
mn^ , ir e £f 5ly after 11 whic '? » P' 3 ** in a thermostat at 30° C and allowed to sWd for 30 
Eo^ 

To an aqueous solution (11.6 pi) containing the heteroduplex, there were added 2.5 mM 4-deoxynucleotlde 
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c^nZTJli*' 5 laS T ld "*? US6d 10 t™ 5 * 0 ™ competent cells of E. coli strain MC1064 prepared by 
conventional methods Approximately 50.000 transformants were fixed o~ a nitrocellulose fk^TheS 

££> ThJZ^T^ a ° COrd ^ t0 t th8 C0,0ny method described in MolecuS Cloning cSd 

VS^SS^S^S , £J!i&^ (1982) "sing the cDNA fragment obtained in Example 1 as a 
ri BDeiieo probe. Thus, three clones showed strong hybridization at 42° C 

„k» eS ! P i Si ^ e f°T^»? Te analyzed in detail Southern method: J. Mol. Biol.. 98. 503 (1975) There was 

SSS !? K eS ' red Ml ,en 9 tn 4 c ° NA * a °e" a ~ d 'nS for an antigenic proteinTpe^c to non-A ^ 
hepatitis. The base sequence of the cDNA Is shown in Fig 4 

The expression vector containing the full length cDNA was 'designated as pCDVCL-l. 
PCAMPLE3: Preparation of Expression Vector and Tran sformant and Expression of Specific Antlo an 
A. Preparation of Expression Vector and Transformant 
I) Modification of N-terminus (Fig. 5) : 

Hb!L!? I 00 -* £ a , »f er ( \° mM Tris " HCI> pH 7 * 100 mM NaCI - 6 mM MgCla). pCDVCL-l (5 ua) was 

Sl^ff^™ ( Unlt8) 40 »" * 8 Sy8tem: 33 mM Tris "«etlc acid (pH 7.9). 66 mM potassium aSSte 
ISdS ZTET ac °^ and °^ mM a*" 0 ""^ to wh'ch 2 mM 4^eoxytri P hosSe™aTbe2; 
added thus, the 3' protruding end of the plasmid DNA was filled in to produce a blunt end The thus 
™£ ^!! ed at7 ° ,Cf °r 10 minutes to deactivate the enzyme, dlalyzed aJainS (water «5 

r ° btaIned Plasm,d DNA "** *«* • teMd in the fo ™ °f ™ aqueous solution (sK '-^S 

plasmid DNA fragment is hereinafter designated as Fragment I W " 

ii) On theother hand, pCDVCL-l (20 ug) was digested with Ncol and Hfndlll (each 20 units) at 37° c for 9 « 

subjected to 5% acrylamide gel electrophoresis at 10 V/cm for 1.5 hours in a buffer: 89 mM Trls 89 mM 
bone acid. 2 mM EDTA. The gel was stained with 0.05% aqueous ethidium bromide soluZ and So aS 

SSSSSS ^ DNA IT?* - ,ar9er m0,eCU,ar we, 9 hts were exdsedS 1 geK 
XKEtSSS IS" 1 - S " CeS W8re C,USh9d by means * a 9 |ass rod . suspended into 4 ml » 
of a buffer for DNA extraction (0.5 M ammonium acetate. 10 mM magnesium acetate. 1 mM EDTA 0 1% 
sodium laurylsulfate). and allowed to stand overnight at 37'C to extract DNA from the gel TheVateriaJs 
Z?,nK b,e ? ted iS c « ntr,,u 9 at, o" at nom for 15 minutes to eliminate larger <£ 
trough aglassfiltertorem<we smaller gel pieces.The DNAviraspu 

J^-S^^rSSI - " aqU8 ° US M °" (2 °° * ™ S P '^' d OrM^S is 3, 

Hi) A primer of the DNA portion to be modified as shown below (51 bases) was synthesized bv a DNA 
synthesizer NIKKAKI (Japan). Applied Blosystem MODEL 380A. The syntn a Ted^NA was overSS 
reacted wfth concentrated aqueous ammonia at 55-Ctodeprotect and p^edbyr^edTpSrl 

40 

Hindlll 

Prlmer ACAACAGATCTAAGCTJATGGCAGTTACAACAAGATTAA 

» * . XXX x XX xv 45 

(Original sequence) ( A— A-G g TC-C--G- 
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triphosphate (2 pJ), 10 mM ATP (2 jxl). Klenow enzyme (2 units) and T4 DNA ligase (0.5 units) to form a mixture 
of 20 uJ In total volume. The mixture was reacted overnight at 16°C to cyclize the DNA. 

An aqueous solution (2 uJ) containing the circular DNA was used to transform E. coil HB101 strain according 
to conventional methods. Plasmids were separated from the transformant and purified In conventional 
5 manners. The plasmid was cleaved with restriction enzyme Hindlll and subjected to 5<W> acrylamide gel 
electrophoresis. Thus, two separate fragments were collected as desired modified, variant plasmids. Since 
resulting variant plasmids might often be admixed with original wild-type plasmids, the thus obtained variant 
plasmids were again employed to transform E. coll HB101 so as to purify the plasmid. 
Thus, a purified plasmid pCV44H was obtained (Fig. 5). 

10 

II) Modification of C-terminus (Fig. 6) : 

i) Plasmid pCDVCW (5 jig) was treated in the same manner as in I) 0 described above to produce 
Fragment I. 

ii) Plasmid pCDVCL-l (20 \ig) was treated In ths same manner as in I) ii) described above except that 
15 NE2 1 3011 ^5!' f® 80 * 1 5 units ) WTe employed. Thus, Fragment II was produced. 

iii) In the same manner as In I) III) described above, the following primer (46 bases) was synthesized and 
the 5' end thereof was phosphorylated. 



20 

Ball I Sai l 

Primer GCACAAGGAAAAAAAT GAGATCT.GTCGACy SGTTCACGTA 

xxxxxxxxxxxxx 

2$ (Original sequence) ( AGATATGTGAA*A 



AATTTCC wherein x represents a base 

substitution and * represents 
) an addition. 



iv) The Fragment I and II and the 5'-phosphorylated primer obtained above in II) i) to ill) were treated in 
35 the same manner as in I) iv) described above. Thus, plasmid pCV44B was obtained (Fig. 6). 

Ill) Introduction of cDN A coding for specific antigen Into expression vector (Fig. 7) : 

1) In 100 uJ of a buffer H (10 mM Tris-HCI, pH 7.5, 100 mM NaCI, 6 mM MgCI 2 ), 10 (about 3 pmole) of 
pCV44H was cut with Hindlll (20 units) and Sacl (20 units) at 37° C for 2 hours. The reaction mixture was 
40 subjected to 5<Vb acrylamide gel electrophoresis. Thus, a 467 bp DNA fragment coding for the N-termlnus 

of the specific antigen was separated and purified. This fragment is hereinafter designated as Fragment N. 

ii) In 100 uJ of the buffer H, 10 ug (about 3 pmole) of pCV448 was cleaved with BglH (20 units) and Sacl 
(20 units) at 37° C for 2 hours. The reaction mixture was subjected to 5% acrylamide gel electrophoresis 
to isolate and purify a 836 bp DNA fragment coding for the C-terminus of the specific antigen. The thus 

45 obtained fragment Is hereinafter designated as Fragment C. 

iii) In 20 ui of buffer H, 2 ug (about 1 pmole) of an expression vector pUSAH was cut with Hindlll (2 units) 
and Bglll (2 units) at 37° C for 2 hours. The reaction mixture was extracted with an equal volume of 
water-saturated phenol to remove proteins. After extracting the phenol with ether, the reaction mixture 
was diaryzed against water to desalt, and concentrated by a vacuum pump. Thus, there was obtained 10 uJ 

50 of an aqueous solution containing an expression vector fragment HB. 

Iv) Fragment N (0.5 pmole), Fragment C (0.5 pmole) and the expression vector fragment HB (0.1 pmole) 
were mixed and reacted with T4 DNA ligase (1 unit) at 4°C for 16 hours In 10 uJ of a buffer (10 mM Tris-HCI, 
pH 7.5, 1 mM dlthiothreitol, 6 mM MgCfc, 1 mM ATP). The reaction mixture (3 pJ) was used to transform 
commercially available E. cpjl JM109 competent cell according to conventional methods. The resulting 

55 transformants were selected in L broth plate (bactopeptone 10 g, yeast exstract 5 g, NaC1 10 g, agar 15 g 

per liter) containing 20 jig/ml ampiciilln. Thus, there was obtained an expression vector pCZ44 containing 
the specific antigen gene inserted thereinto (Fig. 7). 

B. Expression of Specific Antigen 
50 E. coli strain JM109 possessing pCZ44 was cultured overnight at 30° C In L broth. The culture was inoculated 
in a fresh L broth with a dilution of 1/50 and cultured with shaking at 30°C for 2 hours. After IPTG 
(isopropylthlo-p-D-galactopyranoside) was added to the medium in a concentration of 2 mM, shaking culture 
was continued at 30°C for further 3 hours. The ceils were collected by centrifugatlon at 6,500 rpm for 10 
minutes and suspended in a buffer (0.9W> NaCI, 10 mM Tris-HCI, pH 7.5) to store. 

65 
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C. Verification of Expression of Specific Antigen 

The thus obtained cell culture (0.3 ml) was subjected to 10% SDS polyacrylamide gel electrophoresis at 120 
llZT, a , bUffer SI* 9^ 14.4 g/1, 0.1«Vb SDS). The gel was removed, placed on a 

'" terp ? sed J betW88n fl,ter P"P*» electrophoresed at 5 V/cm. 4«C in a buffer (Trls 3g/1 ! 
glycine 144 g/1 i to transferred proteins In the gel onto the nitrocellulose fitter. The nitrocellulose fitterwas 
rinsed wrth TBS buffer (10 mM Tris-HCI. pH 7.5. 50 mM NaCI). immersed into 400 ml of TBS buie7conSn^ 
3% gelatine and snaked at 40° C for one hour to block the nitrocellulose filter containing 

To TBS buffer containing Wo gelatine, there was added a monoclonal antibody' directed to a non-A non-B 

SKS?^. ant 'f L° D28 ° " 4,3) 8 d " Ut,0n 0f 1/400 - 708 "suiting mbrture and the rSocel^se 
fitter were put Into a vinyl bag so that the mixture was present in an amount of 2 ml per filter. Reaction wal 
effected atroom temperature for 16 hours. The reaction mixture was washed three times with 400 ml of TBS 
buffer containing 0.05% Tween 20 for 10 minutes. 

To TBS buffer containing 1% gelatine, there was added a labelled secondary antibody, anti-mouse laQ-PAP 
(horseradish peroxktese. Bio Rad). wtth a dilution of 1/1000. The resulting nature anc I ttertl^S. fitter 
were put into a vinyl bag so that the mixture was present in an amount of 2 ml per filter. Reaction was effected 
at room temperature for 2 hours. The reaction mixture was washed three times with 400 ml of TBS buffer 
containing 0.05% Tween 20 for 10 minutes. M Dun8r 

Color formatJon was effected by Immersing the filter Into 20 ml of TBS buffer containing 12 ma of 
4^hlor^1-naphthol (Bio Rad) and hydrogen peroxide. After completion of color formation, the filter was 
thoroughly washed with water, put into a vinyl bag containing water, and stored In a dark and cold 

Such a test effected showed that a protein reacting with 



<J£ Si ^ V ^ T d H£ e Same positlon t 44 Kd > 83 found ln the ^e of the specific antigen 
denved from infected chimpanzee liver. This verifies that such a specific antigen can be in fact expressed In E 

^^« J 3 ^ re,ateS to a proC8SS for the in yttro diagnosis of NON-A NON-B hepatitis, which 

^, P ™?"u Ct,n9 a liver ^P' 8 and/or 8 serom sarnpTTtaken from a patient possibly irrfected wtth ?a 
NON-A ,NON-B ihepatitis wtth the protein whoseformuia appears in claim 3 hereafter o^pSereSforalle 

£ *«IST S f? d ^ t l a "° W . f0r *• pr ° duCtion « a °° m P ,ex b8tW88 " -« P^ein o7 P ™tiZof 

S^r^fl «, ^" ed " tne P!' tien L aamp,e "« detectin 9 P resBnce <* *» ^"nologic comptex, 
particularly when the patient is suffering from NON-A NON-B hepatitis 

Any part of said protein.or any recombinant, produced by genetic engineering and including the amlnoackJ 
sequence of said protein or part of said pro tein can be substituted for ^ 

In other words the invention relates to all recombinant proteins or protein fragments which bind to 
N^N^^0^B*^patitJs.'' V8r e3dra °* 0r serum sample, or both, and originating from a patierVsuf^ring from 

The invention also relates to a process for detecting In yttro an infection by a NON-A NON-B hepatJtJs virus 
cSio^h 0mpn8 ! S ^'"l!" 8 DNA <* claim4^Ta fragment thereof, under suitable h^XS 
SXSST^ ^ P ' e °L l,VBr eXtra ° t mUar Serum ^P' 8 ori g'nating from the patient to be diagnosed 
and in which the nucleic acid components had previously been made accessible to hybridization, toform a 
hybridization product between said DNA of claim (probe) and the viral DNA of a NON-A NON-B hepatitis B 
w.m^ON!A e 2o n N^ ^ ridbatten PrOdU0t ' in *■ — «»™ *• Patterrt is lI!de5Ke5 



Claims 



Jin^nir^t^n 9 ^^ 1 ^ * baSe 5ec * uence «** for a non-A non-B hepatitis-specific 

antigenic protein occurring in ceils of the liver affected with non-A non-B hepatitis 

orcC^^ 

hepatitis has the whole or a part of the amino acid sequence represented by the formula: 
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Met Ala Val 
Gin Asn His 
Ser Val His 
Asn Gin Gly 
lie Gly Ala 
Ser lie lie 
Lys Leu Gly 
Ala Lys Tyr 



Thr Thr Arg 
20 

Phe Gly Gly 

Gly Phe His 
50 

Pro Thr Leu 

Tyr Ala" Glu 
80 

Leu Phe Ala 

Leu Tyr Thr 

110 
Asn Ser Pro 



Leu Thr Trp 
Lys Arg Leu 
Asn Gly Val 
Thr Val He 
Glu Gly Tyr 
Leu Gin Glu 
Pro Glu Thr 
Thr Asn Phe 



10 

Leu His Glu 

Ser Leu Leu 
40 

Leu Leu Asp 

Tyr Ser Glu 
70 

Gin Glu Arg 

Thr Lys He 
100 

Leu Phe Cys 
Gin He Asp 



Lys He Leu 
30 

Tyr Lys Gly 

Arg Cys Cys 
60 

Asp His He 

Lys Tyr Ala 
90 

Ser Glu Trp 

Cys Asp t Val 
120 

Gly Arg Asn 
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Arg Lys Val lie Met 
140 

Ala Gin Asn Cys Thr 

Cys Glu Asp Ser Leu 
170 

Leu Arg Lys Ser Leu 

Gly Ser Leu Val Gin 
200 

Gly Ala Gly Lys Ser 

Gin Gly His Val Thr 
230 

Gly lie Ser Glu Lys 

Asp Gly Lys Tyr Leu 
260 

Ser Glu Lys Glu Gly 

Leu Asn Gly Asn lie 
290 

Ser He Lys Leu Asn 

Lys Asp Arg He His 
320 

He Glu Tyr Phe Ser 

Arg Arg Glu Leu Val 
350 

Thr His Val Asp Ser 

Glu He Glu Arg Cys 
380 

Gin Arg Lys Leu Gly 



0293 274 

130 

Asp Leu Lys Thr Met 

He Ser He Gin Asp 
160 

Asp Glu Arg Lys He 

Leu Ser Ala Leu Arg 
. 190 

Gin He Arg He Leu 

Ser Phe Phe Asn Ser 
220 

His Gin Ala Leu Val 

Tyr Arg Thr Tyr Ser 
250 

Pro Phe He Leu Cys 

Gly Leu Cys Met Asp 
280 

Arg Asp Arg Tyr Gin 

His His Asp Tyr He 
310 

Cys Val Ala Phe Val 

Ser Gin Met He Val 
340 

Asn Ala Gly Val Val 

Met Asp Leu He Thr 
370 

Val Pro Val Arg Ser 
Phe Ala Leu Ser Asp 




Glu Asn Leu Gly Leu 
150 

Tyr Glu Val Phe Arg 

Lys Gly Val He Glu 
180 

Thr Tyr Glu Pro Tyr 

Leu Leu Gly Pro He 
210 

Val Arg Ser Val Phe 

Gly Thr Asn Thr Thr 
240 

He Arg Asp Gly Lys 

Asp Ser Leu Gly Leu 
270 

Asp He Ser Tyr He 

Phe Asn Pro Met Glu 
300 

Asp Ser Pro Ser Leu 

Phe Asp Ala Ser Ser 
330 

Lys He Lys Arg He 

His Val Ala Leu Leu 
360 

Lys Gly Asp Leu He 

Lys Leu Glu Glu Val 
390 

He Ser Val Val Ser 
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400 

Asn Tyr Ser Ser Glu Trp Glu Leu Asp Pro Val Lys Asp Val Leu 

410 420 
lie Leu Ser Ala Leu Arg Arg Met Leu Trp Ala Ala Asp Asp Phe 

430 

Leu Glu Asp Leu Pro Phe Glu Gin lie Gly Asn Leu Arg Glu Glu 
440 

He He Asn Cys Ala Gin Gly Lys Lys ***. 



4. The DNA fragment in accordance with claim 1, in which 
the base sequence comprises the whole or a part of the base 
sequence represented by the formula: 



10 20 30 40 
5' ATG GCA GTG ACA ACT CGT TTG ACA TGG TTG CAT GAA AAG ATC 
3' 

50 60 70 80 

CTG CAA AAT CAT TTT GGA GGG AAG CGG CTT AGC CTT CTC TAT 



90 100 110 120 

AAG GGT AGT GTC CAT GGA TTC CAT AAT GGA GTT TTG CTT GAC 



130 140 150 160 

AGA TGT TGT AAT CAA GGG CCT ACT CTA ACA GTG ATT TAT AGT 



170 180 190 200 210 

GAA GAT CAT ATT ATT GGA GCA TAT GCA GAA GAG GGT TAC CAG 



220 230 240 250 

GAA AGA AAG TAT GCT TCC ATC ATC CTT TTT GCA CTT CAA GAG 



260 270 280 290 

ACT AAA ATT TCA GAA TGG AAA CTA GGA CTA* TAT ACA CCA GAA 



300 310 320 330 

ACA CTG TTT TGT TGT GAC GTT GCA AAA TAT AAC TCC CCA ACT 
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340 350 360 370 

AAT TTC CAG ATA GAT GGA AGA AAT AGA AAA GTG ATT ATG GAC 

380 390 400 410 420 

TTA AAG ACA ATG GAA AAT CTT GGA CTT GCT CAA AAT TGT ACT 

430 440 450 460 

ATC TCT ATT CAG GAT TAT GAA GTT TTT CGA TGC GAA GAT TCA 

470 480 490 500 

CTG GAC GAA AGA AAG ATA AAA GGG GTC ATT GAG CTC AGG AAG 

510 520 530 540 

AGC TTA CTG TCT GCC TTG AGA ACT TAT GAA CCA TAT GGA TCC 

550 560 570 580 

CTG GTT CAA CAA ATA CGA ATT CTG CTG CTG GGT CCA ATT GGA 

590 600 610 620 630 

GCT GGG AAG TCT AGC TTT TTC AAC TCA GTG AGG TCT GTT TTC 

640 650 660 670 

CAA GGG CAT GTA ACG CAT CAG GCT TTG GTG GGC ACT AAT ACA 

680 690 700 710 

ACT GGG ATA TCT GAG AAG TAT AGG ACA TAC TCT ATT AGA GAC 

72 0 730 740 750 

GGG AAA GAT GGC AAA TAC CTG CCA TTT ATT CTG TGT GAC TCA 

760 770 780 790 

CTG GGG CTG AGT GAG AAA GAA GGC GGC CTG TGC ATG GAT GAC 

800 810 820 830 840 

ATA TCC TAC ATC TTG AAC GGT AAC ATT CGT GAT AGA TAC CAG 

850 860 870 880 

TTT AAT CCC ATG GAA TCA ATC AAA TTA AAT CAT CAT GAC TAC 
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890 900 9X0 920 

ATT GAT TCC CCA TCG CTG AAG GAC AGA ATT CAT TGT GTG GCA 



930 940 950 960 

TTT GTA TTT GAT GCC AGC TCT ATT GAA TAC TTC TCC TCT CAG 



970 980 990 1000 

ATG ATA GTA AAG ATC AAA AGA ATT CGA AGG GAG TTG GTA AAC 



1010 1020 1030 1040 1050 

GCT GGT GTG GTA CAT GTG GCT TTG CTC ACT CAT GTG GAT AGC 



1060 1070 108Q 1090 

ATG GAT CTG ATT ACA AAA GGT GAC CTT ATA GAA ATA GAG AGA 



1100 1110 1120 1130 

TGT GTG CCT GTG AGG TCC AAG CTA GAG GAA GTC CAA AGA AAA 



1140 1150 1160 1170 

CTT GGA TTT GCT CTT TCT GAC ATC TCG GTG GTT AGC AAT TAT 



1180 1190 1200 1210 

TCC TCT GAG TGG GAG CTG GAC CCT GTA AAG GAT GTT CTA ATT 



1220 1230 1240 1250 1260 

CTT TCT GCT CTG AGA CGA ATG CTA TGG GCT GCA GAT GAC TTC 



1270 1280 1290 1300 

TTA GAG GAT TTG CCT TTT GAG CAA ATA GGG AAT CTA AGG GAG 



1310 1320 1330 
GAA ATT ATC AAC TGT GCA CAA GGA AAA AAA 3' 
5 , 

wherein the sign n - n represents a base complementary to the 
base shwon just above each sign. 
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5. An expression vector in which a DNA fragment containing a base sequence coding for a non-A non-B 
hepatitis-specific antigen Is intoduced into a cloning site present downstream from a promoter of said 

regulatory factor 5 * 0 " accordance mh c,aim 5 ' in whlch 109 Promoter is controllable by a 

microorganism^ accordance wlth c,aIm 5 - In w™ 00 tne Promoter operates in a 5 

8. The expression vector in accordance with claim 5, in which the promoter operates in an eukaryote 
9 A transformant obtained by transforming a host with an expression vector in which a DNA fragment 

containing a base sequence coding for a non-A non-B hepatitis-specific antigen is introduced Into a m 

cloningsitepresentdownstreamfromapromoterofsaidvector. 

10. The transformant in accordance with claim 9, in which the host is Escherichia coil or Bacillus subtilis 

11 . A process for producing an antigen specific to non-A non-B hepatitis comprising i ntroducing a DN A 
fragment containing a base sequence coding for said specific antigen Into a cloning site present 

,T™?T a P romoter of a vector for expression, introducing the expression vector containina 
said DNA fragment into a host, culturing said transformed host, and collecting the produced and 
accumulated antigen. 
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Pig. la 



ATG 


GCA 


10 

GTG ACA 


ACT 


20 
CGT TTG 


ACA TGG 


30 
TTG 


CAT 


GAA 


40 
AAG ATC 


CTG 


50 
CAA AAT 


CAT 


TTT 


60 
GGA 


GGG 


AAG 


70 
CGG CTT 


AGC 


80 
CTT CTC 


TAT 


AAG 


90 
GGT 


AGT 


GTC 


100 
CAT GGA 


TTC 


110 
CAT AAT 


GGA 


GTT 


120 
TTG 


CTT 


GAC 


130 
AGA TGT 


TGT 


140 
AAT CAA 


GGG 


CCT 


150 
ACT 


CTA 


ACA 


160 
GTG ATT 


TAT 


170 
AGT GAA 


GAT 


CAT 


180 
ATT 


ATT 


GGA 


190 
GCA TAT 


GCA 


200 
GAA GAG 


GGT 


TAC 


210 
CAG 



220 230 240 

GAA AGA AAG TAT GCT TCC ATC ATC CTT TTT 



250 260 270 

GCA CTT CAA GAG ACT AAA ATT TCA GAA TGG 



280 290 300 

AAA CTA GGA CTA TAT ACA CCA GAA ACA CTG 
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310 320 330 

HI XGT TGT GAC GTT GCA AAA TAT AAC TCC 



340 350 360 

CCA ACT AAT TTC CAG ATA GAT GGA AGA AAT 



370 380 390 

AGA AAA GTG ATT ATG GAC TTA AAG ACA ATG 



400 410 420 

GAA AAT CTT GGA CTT GCT CAA AAT TGT ACT 



430 440 450 

ATC TCT ATT CAG GAT TAT GAA GTT TTT CGA 



460 470 480 

TGC GAA GAT TCA CTG GAC GAA AGA. AAG ATA 



490 500 510 

AAA GGG GTC ATT GAG CTC AGG AAG AGC TTA 



520 530 540 

CTG TCT GCC TTG AGA ACT TAT GAA CCA TAT 



550 560 570 

GGA TCC CTG GTT CAA CAA ATA CGA ATT CTG 



580 590 600 

CTG CTG GGT CCA ATT GGA GCT GGG AAG TCT 
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610 620 630 

AGC TTT TTC AAC TCA GTG AGG TOT GTT TTC 



640 650 660 

CAA GGG CAT GTA ACG CAT CAG GCT TTG GTG 



670 680 690 

§GC ACT AAT ACA ACT GGG ATA TCT GAG AAG 



700 710 720 

TAT AGG ACA TAC TCT ATT AGA GAC GGG AAA 



730 740 750 

GAT GGC AAA TAC CTG CCA TTT ATT CTG TGT 



760 770 780 

GAC TCA CTG GGG CTG ACT GAG AAA GAA GGC 



790 800 810 

GGC CTG TGC ATG GAT GAC ATA TCC TAC ATC 



820 830 840 

TTG AAC GGT AAC ATT CGT GAT AGA TAC CAG 



850 860 870 

TTT AAT CCC ATG GAA TCA ATC AAA TTA AAT 



880 890 900 

CAT CAT GAC TAC ATT GAT TCC CCA TCG CTG 
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910 920 930 

AAG GAC AGA ATT CAT TGT GTG GCA TTT GTA 



940 950 960 

TTT GAT GCC AGC TCT ATT GAA TAC TTC TCC 



970 980 990 

TCT CAG ATG ATA GTA AAG ATC AAA AGA ATT 



1000 1010 1020 

CGA AGG GAG TTG GTA AAC GCT GGT GTG GTA 



1030 1040 1050 

CAT GTG GCT TTG CTC ACT CAT GTG GAT AGC 



1060 1070 1080 

ATG GAT CTG ATT ACA AAA GGT GAC CTT ATA 



1090 1100 mo 

GAA ATA GAG AGA TGT GTG CCT GTG AGG TCC 



1120 1130 1140 

AAG CTA GAG GAA GTC CAA AGA AAA CTT GGA 



1150 1160 1170 

TTT GCT CTT TCT GAC ATC TCG GTG GTT AGC 



1180 1190 1200 

AAT TAT TCC TCT GAG TGG GAG CTG GAC CCT 
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Fig. 2 



AAAAATTTATTTGCTTTCAGGAAAATTTTTCTGT 
TTTTTAAATAAACGAAAGTCCTTTTAAAAAGACA 



ATAATGTGTGGAATTGTGAGCGGATAACAATTTC 
TATTACACACCTTAACACTCGCCTATTGTTAAAG 
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1210 1220 1230 

GTA AAG GAT GTT CTA ATT CTT TCT GCT CTG 



1240 1250 1260 

AGA CGA ATG CTA TGG GCT GCA GAT GAC TTC 



1270 1280 1290 

TTA GAG GAT TTG OCT TTT GAG CAA ATA GGG 



1300 1310 1320 

AAT CTA AGG GAG GAA ATT ATC AAC TGT GCA 



1330 

CAA GGA AAA AAA 3' 



5' 
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Fig. 5 
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Fig. 6 
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Description 

The present Invention generally relates to the production of an antigen specific to non-A non-8 hepatitis 
by recombinant DNA technology. More particularly, it relates to a DNA fragment coding for an antigen specifi- 
cally occurring in a host affected with non-A non-B hepatitis, an expression vector containing such a DNA frag- 
ment, a host transformed with such an expression vector, as well as a process for producing said antigen 
specific to non-A non-B hepatitis by culturing such a transformant 

Among viral hepatitises, the viral entities of hepatitis type A and type B have been found and, accordingly, 
it has now become possible to diagnose such diseases by immunological methods. 

StDI another type of hepatitis different from the types A and B, which is called non-A non-B type hepatitis, 
is said to be over 90% of post-transfusion hepatitis : refer to NIPPON RINSHO (Japan Clinic), 35, 2724 (1 977) ; 
J. Biol. Med., 49, 243 (1976). The pathogenic virus of the non-A non-B type hepatitis, however, has not yet 
been identified. Only one fact which has already been established is potential infection of human hepatitis type 
non-A non-B virus to chimpanzee : refer to Lancet 1, 459 (1978) ; ibid., 463 (1978). 

Many workers have done various Investigations for searching an antigen-antibody system related to the 
non-A non-B hepatitis by using mainly sera from patients affected with the disease ; nevertheless, no definite 
system has been found. Under these circumstances, the diagnosis of non-A non-B hepatitis should inevitably 
be effected by so-called exclusion diagnosis : that Is, whether or not the hepatitis of a patient is type A or type 
B or other hepatitis due to a virus known to cause hepatopathy, for example, CMV, HSV, EBV, etc, is first deter- 
mined ; and if not, the patient's hepatitis is diagnosed as non-A non-B type. Thus, such a diagnosis of non-A 
non-B hepatitis will require much time and labor. 

An antigenic protein specific to non-A non-B hepatitis and useful for the direct diagnoses of the hepatitis 
has been purified from human and chimpanzee hepatocytes affected with non-A non-B hepatitis, and a mono- 
clonal antibody specific to the antigen and useful for the treatment of the non-A non-B hepatitis has also been 
proposed : refer to Japanese Patent Application Laying-open (KOKA1) Nos. 176856/86 and 56196/86. 

A large amount of such an antigenic protein specific to non-A non-B hepatitis should be required when such 
a protein is to be employed, for example, as a diagnostic agent However, it is not always appropriate to purify 
such a large amount of the antigenic protein from chimpanzee hepatocytes affected with non-A non-B hepatitis. 

On the other hand, in order to detect a gene coding for a specific antigen of non-A non-B hepatitis by nuciefc 
acid hybridization and, further, to produce such an antigen specific to non-A non-B hepatitis by the recombinant 
DNA technology, it is essential to obtain a gene fragment coding for the antigenic protein specific to the non-A 
non-B hepatitis. 

The present inventors have made great efforts to produce such a specific antigenic protein in a large 
amount by genetic engineering techniques, and finally isolated a gene fragment coding for the antigenic protein 
specific to non-A non-B hepatitis, said gene fragment being useful for the production of such antigens. Further, 
the inventors have successfully constructed an expression vector containing said gene fragment Thus, the pre- 
sent invention has now been attained. 

It is an object of the invention to provide a DNA fragment which contains a base sequence coding for an 
antigen specifically occurring in a host cell affected with non-A non-B hepatitis or an antigenic protein specific 
to non-A non-B hepatitis having physioiogicaJ activities equivalent to those of said specifically occurring antigen. 

Another object of the invention is to provide an expression vector having said DNA fragment Introduced 
thereinto at a cloning site downstream from a promoter of the vector. 

A stfli another object of the Invention Is to provide a transformant obtained by transforming a host cell with 
said expression vector. 

A further object of the invention Is to provide a process for producing such an antigen specific to non-A 
non-B hepatitis by culturing said transformant 

Other objects and advantages of the present invention wDI be apparent from the following detailed des- 
cription with reference to the attached drawings, in which : 

Figs. 1a-1e show the base sequence coding for an antigenic protein specific to non-A non-B hepatitis ; 

Ffg. 2 shows the base sequence of a hybrid promoter Pac ; 

Figs. 3a-3c show the base sequence of a cDNA fragment obtained in Example 1 described hereinbelow, 
together with deduced amino acid sequence ; 

Figs. 4a-4c show the base sequence of cDNA containing the full length gene sequence of an antigenic 
protein specfflc to non^A non-B hepatitis, which cDNA was obtained In Example 2 described hereinbelow, 
the base sequence 57-1388 thereof coding tor the antigenic protein specfflc to non-A non-B hepatitis ; 
Fig. 5 schematically illustrates the construction of a plasmid pCV44H ; 
Fig. 6 schematically illustrates the construction of a plasmid pCV44B ; and 
Fig. 7 schematically illustrates the construction of a plasmid pCZ44. 
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The present invention will be described En detail hereinbelow. 

According to one aspect of the invention, a DNA fragment is provided which contains a base sequence 
coding for an antigenic protein occurring specifically in hepatocytes affected with non-A non-B hepatitis. 

Such a DNA fragment of the invention may be prepared in the following manner, 
s First a liver tissue specimen derived from a human or chimpanzee individual affected with non-A non-B 
hepatitis is homogenized In an aqueous solution of guanidinium thiocyanate and then subjected to cesium 
chloride equilibrium density gradient centrtfugatlon according to Chirgwin etaJ. method (Biochemistry, 18, 5294- 
5299 (1979)) to separate total RNA as a precipitate. After separation, the total RNA Is purified by phenol ext- 
raction and ethanol precipitation. 
10 "individuals affected with non-A non-B hepatitis" used as sources of liver tissue specimens In the invention 
may include those affected with so-called type D hepatitis, which has recently been named. 

It Is known that mRNA of an antigen gene generally has a poIy-A chain. Thus, the total RNA is subjected 
to digo(dT) cellulose column chromatography In a conventional manner and poly(A)-contaInIng RNA (poly A* 
RNA) Is isolated as mRNA material. 
15 A cDNA library corresponding to the poly A* RNA is then obtained from the mRNA material according to 
the random primer method (Y. Ebtna etal. , Cell, 40, 747-758 (1 980)) : Thus, a number of DNAs complementary 
to the mRNA material are randomly synthesized using any primer of e.g. about 8 bases and a reverse tran- 
scriptase. 

The cDNA is methylated with a DNA methylase, e.g. EcoRI methytase, to protect cleavage sites present 

20 in the cONA capable of being cleaved by a corresponding restriction enzyme, e.g. EcoRI. A DNA linker con- 
taining the corresponding restriction enzyme cleavage sites at both ends, e.g. EcoRI linker (CGAATTCG), is 
added to the methylated cDNA and, then, this cDNA is digested with the restriction enzyme, e.g, EcoRI. 

The digested cDNA is then cloned into a cloning vector such as a plasmid or a X phage. For example, the 
cDNA may be introduced Into EcoR I site of Xgt 1 1 DNA, which is an expression cloning vector : refer to RA 

25 Young etd.. Pro. Natl. Acad. Sd. U.SA, 80, 1 194-1 198 (1 983). The cDNA wDl be inserted into the p-gal gene 
on the Xgt 1 1 phage. Thus, expression of the cDNA can be easily verified by the production of a toed protein 
with 0-galactosidasedue to Induction of the expression by the lactose operon promoter of said phage when E. 
coiitransfected with said phage is cultured In a medium containing IPTG (isopropylthio-0-D-galactopyranoside). 
The Xgt 1 1 phage incorporating the cDNA is then introduced into E-coll by Tomizawa etal. method In "Ex- 

30 perimental Procedures for Bacteriophages", pp. 99-174, published May 30, 1970 by Iwanaml Shoten (Japan). 
The thus transfected microorganism to cultured in an IPTG-containing medium. 

The thus formed plaques can be easfly selected by an immunological screening method using a monoclonal 
antibody specifically directed to non-A non-B hepatitis to obtain a desired cDNA. Such a monoclonal antibody 
which can be used In the immunological screening method may be prepared according to the methods dee- 

35 cribed in Japanese Patent Application Laying-open Nos. 561 96/86 and 91 328/88. The screening methods used 
may include the western blotting technique described In these applications. 

The plaques positive In the immunological screening test are selected to proliferate the phage by Tomizawa 
etal. method. DNA is purified from the grown phage by T. Maniatis etal. method In "Molecular Cloning - , Cold 
Spring Harbor Laboratory, pp. 85 etseq. (1982), and cleaved with a suitable restriction enzyme such as EcoRI. 

40 The thus purified and digested DNA fragments can be used to determine the base sequence of a desired cDNA 
segment according to Maxam and GObert method in Methods in Enzymology, 65, 499-560 (1980) ; or alterna- 
tively, after further cloning the DNA fragments Into M13 phage, the base sequence of such a desired cDNA 
segment can be determined according to the dideoxy method : Sanger etal.. Proa Natl. Acad. Sd. U.SA, 74, 
5463(1977). 

48 Thus, a cDNA fragment coding for an antigen specific to non-A non-B hepatitis can be obtained. However, 
such a DNA fragment may usually be only a portion of the gene coding for the non-A non-B hepatitis-specific 
antigen. 

A foil length cDNA coding for such a non-A non-B hepatitis-specific antigen may be obtained In the following 
manner. 

so Pdy A+-mRNA to isolated and purified in a manner similar to that described above. From the potyA+-mRNA 
a cDNA library is obtained according to Okayama-Berg vector-primer method : Molecular and Cellular Biology, 
2,161-170(1982). 

A plasmid containing such a cDNA thus prepared Is used to transform E.coil by any conventional method, 
for instance, the method D. Hanahan : J. Mo!. Biol., 166, 557 (1983). The transformant ampicOIin-resistant 
55 strains are collected and screened by the colony hybridization method using the aforementioned DNA fragment 
as a probe. Such a probe may preferably be prepared by either the strepto-avidin method, or the nick translation 
method using photobiotinnucleic acids and ^-nucleic adds. 

The thus selected colonies containing a cDNA clone are cultured. Plasmid DNA is obtained from the cul- 
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tared colony according to Birmboim etal. method (Nucleic Acid Res., 7, 1513 (1979)) and digested with a suit- 
able restriction enzyme. The base sequence of a desired full-length cDNA segment is then determined accord- 
ing to the aforementioned Maxam and Gilbert method or, alternatively, after further cloning the digested DNA 
info M13 phage or pVC12 ptasmjd, such a base sequence is determined according to the above described 
Sanger etal dideoxy method. 

The base sequence of the full length DNA coding for an antigen specific to non-A non-B hepatitis Is shown 
in Fig. 1, in which the symbol "-"just under the base sequence represents a corresponding base complementary 
to the respective base described just above each of the symbols. 

Of course, DNA fragments which can be employed In the invention do not necessarily contain the same 
base sequence as shown In Fig. 1 , but those DNA fragments In which a part of said base sequence shown in 
Fig. 1 has been substituted by at least one different base or deleted therefrom and those DNA fragments in 
which one or more additional bases have been added to the base sequence of Fig. 1 may also be included 
herein provided that such different DNA fragments may code for substances having physiological activities 
equivalent to those of the non-A non-B hepatitis-specific antigens encoded by the base sequence of Fig. 1 . 

According to another aspect of the invention, an expression vector is provided In which the aforementioned 
DNA fragment of the invention is inserted into a cloning site downstream from a promoter of this vector. 

The expression vector of the invention contains a promoter In a position capable of controlling the tran- 
scription of a DNA fragment coding for a non-A non-B hepatitis-specific antigen obtained by the aforementioned 
method. The promoters used In the invention may be any promoter capable of expressing the DNA fragment 
in a host, and preferably of controlling the transcription of the fragment 

When a host used is a microorganism such as Escherichia coif. Bacillus subtfls, etc, the expression vector 
of the invention may preferably comprise a promoter, a ribosome binding sequence, a gene for a non-A non-B 
hepatitis-specific antigen, a transcription termination factor, and a gene controlling the promoter. 

The promoter used may include those derived from ELcoll, phage, eta, for example, tryptophan synthase 
operon (trp), lactose operon (lac), lipoprotein (Ipp), recA. lambda phage P u P* T5 early gene P^ promoter, 
which may also be prepared by chemical synthesis. Also included herein are hybrid promoters such as tac (trp: 
lac), trc (trp : lac) and Pac (phage : E.coli) shown in Fig. 2. 

The ribosome binding sequence may be derived from Ecoll. phage, etc., but preferably may be those 
synthetically prepared, for example, those containing a consensus sequence such as 



The gene for a non-A non-B hepatitis-specific antigen may be directly employed without any modification. 
Preferably, an unnecessary base sequence (non-coding region) may be deleted by site-directed mutagenesis: 
BIOTECHNOLOGY, July, 636-639 (1984). 

A transcription termination factor may not always be required in the expression vector of the invention. Pref- 
erably, the instant vector may contain a p-independent terminator, for example, Ipp terminator, trp operon ter- 
minator, ribosomal RNA gene terminator, etc. 

The expression vector may be derived from any conventional plasmid. Preferably, it may be derived from 
such a plasmid as replicating itself in E. coll or Bacillus subtflis, for example, pBR322- or pUBUMerived pias- 



Desirably, these factors required for expression are arranged in the expression plasmid in the order of the 
promoter, the SD sequence, the structural gene of a non-A non-B hepatitis-specific antigen, and the transcrip- 
tion termination factor from 5' to 3'. A repressor gene required to control the transcription, a marker gene such 
as drug-resistant gene, and a plasmid replication origin may be arranged in any order in the expression vector. 

The expression vector of the invention may be introduced into a host by any conventional method for trans- 
formation of E. coll, e.g., one described in Molecular Cloning, 250-253 (1982), or of Bacillus subtflis , e.g., one 
described in Moiec Gen. Genet, 168, 111-115 (1979) or Proa Nat Acad. ScL U.S^, 44, 1072-1078 (1958). 

The resulting transfbmiant may be cultured In any conventional medium, e.g. one described In Molecular 
Cloning, 68-73, (1 972), at a temperature in the range of 28 to 42°C in both cases of E.coli and Bacillus subtflis. 
Preferably, it may be cultured at a temperature in the range of 28 to 30°C where no expression of heat shock 
proteins may be induced. 

The desired protein thus produced may be easily purified from the host in conventional procedures. For 
example, the host cell may be crushed by lysozyme-surfactant or uJtra-sonteatlon* and the Insoluble fractions 
which contain the desired non-A non-B hepatitis-specific antigen may be then collected by centrifugation, sol- 
ubOized in a surfactant such as 0.01% SDS, and subjected to column chromatography using a monoclonal anti- 



AGGAGGTTTAA. 
SD sequence 



mkL 
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body (Japanese Patent Application Laying-open (KOKAI) Nos. 56196/66 and 176856/66. 

When an eukaryotfc cell such as an animal cell is employed as a host the expression vector of .the Invention 
is preferably as follows: 

The promoters used in the vector of the invention for the expression in eukaryotfc cells may herein include 
5 SV40 early and fate promoters ; promoters of apollpoprotein E and A-l genes ; promoter of heat shock protein 
gene (Proa Natl. Acad. ScL U.S.A., 78, 7038-7042 (1981)) ; promoter of metallothioneln gene (Proa Natl. Acad. 
Sci. U.S.A., 77, 651 1-6515 (1980)) ; HSVTK promoter ; adenovirus promoter, such as Ad2 major lata promoter 
(Ad2 MLP) ; LTR (long terminal repeat) of retrovirus ; eta SV40 promoter and promoter of metallothionein gene 
are preferred. 

10 The expression vector of the invention may contain a splice sequence comprising 5* splice junction donor 
site, an Intron and 3' splice junction acceptor site. A common base sequence is found at all the splice junction 
sites (exonintron Junction sites) ; so-called GT/AG rule that any intron region always starts torn two bases GT 
at the donor site and terminates at two bases AG of the acceptor site has been established. 

The expression vector of the invention may contain one or more splice sequences as mentioned Just above. 

is Such splice sequences may be positioned upstream or downstream of the structural gene for a non-A non-B 
hepatitis-specific antigen. 

Illustrative examples of such splice sequences may include those DNA sequences found In exons 2 and 
3 of rabbit 0-gIobin gene (Science, 26, 339 (1 979)) and mouse methaltothionein-l gene containing the promoter, 
exons 1 , 2 and 3 and Introns A and B of methallothionein gene (Proa Natl. Acad. ScL U.S^, 77, 651 3 (1 980)). 
20 The 5' and 3' splice sites may be derived from the same or different gene ; for example, a sequence In which 
5' splice site contained in adenovirus DNA is linked to 3' splice site derived from the gene of Ig variable region 
can be employed. 

The expression vector of the invention also contains a pofyadenylation site downstream from the structural 
gene of a non-A non-B hepatitis-specific antigen. Illustrative examples of the poiyadenyiation sites may Include 
25 those derived from SV40 DNA, p-globln gene or methallothionein gene. A combined site of the poiyadenyiation 
sites of p-globln gene and SV40 DNA may be employed In the invention. 

The expression vector of the invention may also contain a dominant selective marker permitting the selec- 
tion of transfbrmants. Selective markers which can be used herein may include DHFR gene imparting MIX 
(methotrexate) resistance to a host ; tic gene of herpes simplex virus (HSV) which permits selection of tk- strains 
30 transformed therewith in HAT medium ; the gene for aminoglycoside 3'-phosphotransferase from E coll trana- 
poson Tn5, which Imparts to a host the resistance against 3'-deoxystreptamine antibiotic G418 ; bovine papil- 
loma virus gene permitting morphological discrimination by piled up growth ; and aprt gene. 

Alternatively, animal cells transformed with the expression vector of the invention may be selected by the 
cotransformation even though no selective marker is present in the vector. For this purpose, an animal cell Is 
$5 cotransformed with both the expression vector and a plasmld or other DNA containing a gene for such a selec- 
tive marker and selected by a phenotypic trait of the gene. 

Advantageously, the expression vectors may also contain a plasmld fragment having an origin of replication 
derived from a bacterium such as E. coli, since such vectors can be cloned in bacteria. Such plasmlds may 
include pBR322, pBR327, pML, eta 
40 Illustrative examples of plasmld vectors used as sources of the expression vectors according to the Inven- 
tion may include pKCR (Proa Natl. Acad. Set. U.S.A., 78.1528 (1981)), which contains SV40 early promoter, 
the splice sequence and poiyadenyiation site derived from rabbit 0-globin gene, the poiyadenyiation site from 
SV40 early region, and the origin of replication and ampicDlIn resistant gene from pBR322 ; pKCR H2 (Nature, 
307, 605 (1984)), in which the pBR322 portion of pKCR has been substituted by pBR327 fragment and the 
45 EcoR I site present in the exon 3 of rabbit p-globin gene has been converted into Hindlll site ; and pBPV MT1 
containing BPV gene and methallothionein gene (Proa Natl. Acad. Sci. U.S A, 80, 398 (1983)). 

Animal ceils transformed with the expression vector of the Invention may include CHO cells, COS ceils, 
and mouse L cells, C127 cells and FM3A cells. 

The introduction of the expression vector of the invention into an animal ceD may be carried out by trans- 
so fection, microinjection, eta Most often, the transfection may employ CaP0 4 : Virology, 52, 45&46T (1973). 

Animal cells transformed by Introducing the expression vector of the invention may be cultured in a sus- 
pension or solid medium by conventional methods. The culture medium used is most often MEM, RPMI1640, 
eta 

Proteins produced in the transformed animal cells can be separated and purified in the almost same manner 
55 as in the case of microorganisms aforementioned. 

As stated, the Invention provides a transfbrmant cell obtained by introducing the expression vector of the 
invention into a host ceB. 

Also provided according to the Invention is a process for producing a non-A non-B hepatitis-specific antigen 
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comprising culturfng said transformant and collecting the produced and accumulated antigen. 

As stated previously, a large amount of an antigenic protein specific to non-A non-B hepatitis is required 
when such a protein is to be utilized as a direct diagnostic agent According to the present invention, such an 
antigenic protein can be produced with a low cost and a large scale without use of infected chimpanzee hepato- 
5 cytes. Prior to the present invention, it has been difficult obtain such a large amount of a non-A non-B hepati- 
tis-specific antigenic protein from hepatocytes of chimpanzees affected with non-A non-B hepatitis. 

Further, the DNA fragment coding for an antigenic protein of non-A non-B hepatitis virus according to the 
present invention will be useful as a probe for detecting the gene of said antigenic protein by nucleic acid hyb- 
ridization. 



The following examples will be given by way of illustration but these examples in no way limit the scope of 
the Invention without departing the concept thereof. 



EXAMPLE 1 : Preparation of cDNA Fragment Coding far Antigenic Protein Specific to Non-A Non-B 
Hepatitis 

Poly(A)-containing RNA was prepared from chimpanzee liver according to the guanidine thiocyanate-ii- 

20 thhim chloride method : Cathala etal. , DNA, 2, 329 (1983). 

The infected liver (5 g) was taken ouffrom a chimpanzee affected with non-A non-B hepatitis and 
immediately frozen by liquid nitrogen. The frozen liver was added into a Waring blender together with liquid 
nitrogen and ground at 3,000 rpm for 2 minutes. The ground liver specimen was further ground by a Teflon 
homogenber at 5 rpm in 100 ml of a solution : 5 M guanidine thlocyanate, 10 mM EDTA, 50 mM Tris-HCI (pH 

25 7), 8% (v/v) p-mereaptoethanoL The thus solubilized material (20 mi) was slowly placed on 5.7 M CsCI solution 
(10 ml) contained in a centrifuge tube and centrifuged at 27,000 rpm for 20 hours in Hitachi RPS 28-2 rotor. 
The thus precipitated RNA was collected and dissolved in 10 ml of a solution : 0.1% sodium lauryfsutfate, 1 
mM EDTA, 10 mM Tris-HCI (pH 7.5). The RNA was extracted with phenol-chloroform and recovered by ethanol 
precipitation. 

so The thus obtained RNA (about 3.95 mg) was dissolved in 1 ml of a solution : 10 mM Tris-HCI (pH 8.0), 1 
mM EDTA. The solution was incubated at 65°C for 5 minutes, and 5 M NaCI (0.1 ml) was added. The resulting 
mixture was subjected to chromatography on an oligo(dT) cellulose column (column volume of 0.5 ml, P-L 
Biochemical). The thus adsorbed poly(A)-containlng mRNA was eluted with a solution : 10 mM Tris-HCI (pH 
7.5), 1 mM EDTA. There was obtained about 100 pg of pdy(A)-containing mRNA. 

35 The thus obtained poly(A)* mRNA (10 pg) was dissolved in 50 pi of RT buffer : 20 mM Tris-HCI (pH 8.8), 
0.1 M KCI, 12 mM MgCIa, 2 mM MnCI* To this solution, there was added 8 pg of random primer d(N)« (P-L 
BiochemlcaJ). The resulting mixture was heated at 95°C for 3 minutes to denature the materials, which was 
then cooled gradually to room temperature to anneal the random primer with the mRNA. To the annealed mixt- 
ure, there were aded 1 0 mM 4NTP (10pl)and reverse transcriptase (225 unite) from TAKARA SHUZO (Japan), 

40 and then water was added so as to make the total volume of the mixture to 100 pi Reaction was allowed to 
proceed at 42°C for one hour. 

To the reaction mixture (50 pi), there were added 10 mM NAD (2 pi). 10 mM 4dNTP (10 pi). RNase H (5 
units), E con ilgase (1 unit), E. coll DNA polymerase I (6.3 units), and 10x T4 DNA Ifgase buffer (10 pi ; 0.1 M 
Tris-HCI, pH 7.5, 0.1 M DTT, 60 mM MgCy to make the total volume to 100 pi. The mixture was allowed to 

45 react at 37°C for one hour to synthesize a double stranded DNA. 

The thus obtained double stranded DNA was extracted with an equal volume of water-saturated phenol. 
Phenol in the aqueous layer was removed with the aid of etherfoilowed by ethanol precipitation. The precipitate 
thus obtained was dissolved in 50 pi of water, and 1Qx T4 DNA polymerase buffer (10 pi ; 0.33 M Tris-acetic 
acid, pH 7.9, 0.66 M potassium acetate, 0.1 M magnesium acetate, 5 mM DTT), 10 mM 4dNTP (10 pi), and T4 

so DNA polymerase (6 units) were added to make the total volume to 100 pi. The mixture was reacted at 37°C 
for one hour. There was obtained a double stranded DNA having blunt ends, which was then extracted with 
phenol to remove proteins and purified by ethanol precipitation as described above. The thus purified DNA was 
then air dried. 

To the purified DNA, there were added 50 mM Tris-HCI (pH 7.5), 1 mM NsfeEDTA, 5 mM DTT (20 pi), 100 
55 pM S-adenosyf-L-methionine (2 pi), and 1.8 mg/ml EcoRI methyiase (0.2 pi). Reaction was effected at 37°C 
for 15 minutes, whereby methyfating the EcoR I restriction enzyme cleavage site on the DNA fragment The 
reaction mixture was then heated at 70°C for 15 minutes to deactivate the enzyme. 

To the reaction mixture, there was added 3'-phosphorylated EcoRI linker (GGAATTCC) In an amount of 
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1 00 molecules thereof per molecule of the synthetic DNA. There were further added 1 0x T4 DNA llgase buffer 
(5 mI ; 0.5 M Trts-HCJ, pH 7.5, 60 mM MgCJ 2 , 10 mM DTT), 0.1 M ATP (5 pi), and T4 DNA llgase (5 units) to 
make the total volume to 50 pi. Hie resulting reaction mixture was reacted at 4°C for 1 6 hours foSowed by heat- 
ing at 70°C for 10 minutes to deactivate the enzyme. Then, 10x EcoRI buffer (10 pi ; 15 M Tris-Ha, pH 7.5, 
5 0.5 M NaCI, 60 mM MgCy, and EcoR I (100 units) were added to make the total volume to 100 pi, and the reac- 
tion mixture was reacted at 37°C for 2 hours to cut the linker. The reaction mixture was passed through Bio 
Gel A-50 (0.2 cm x 32 cm, Bio RAD). Button was effected by a buffer : 10 mM Tris-Ha (pH, 7.5), 6 mM MgCI* 
Excess EcoR I linker was removed and, thus, a double stranded cDNA having EcoR I sites at both ends thereof 
was purified. 

10 To the thus obtained double stranded cDNA fragment having EcoR I sites at both ends, there were added 
gt 11 DNA (10 pg) cleaved with EcoRI, 10x T4 DNA ligase buffer (10 pi) as described above, 0.1 M ATP (10 
pi), and T4 DNA llgase (10 units) to make the total volume to 100 pi. The mixture was reacted at 4°C for 16 
hours. Thus, said double stranded cDNA fragment was inserted into Xgt 11 DNA. 

The X phage packaging kit (PROMEGA, Biotech) was used to introduce said DNA Into X phage particle. 

15 The procedures for packaging were effected according to the instructions of the kit 

The Xgt 1 1 phage having said DNA packaged thereinto was used to transfect E. coll strain Y1 090 to form 
plaques according to the conventional Tomizawa etal. methods described In "Experimental Procedures for Bac- 
teriophages", pp. 99-174, published May 30, 1970 by Iwanami Shoten (Japan). Among about 200,000 plaques, 
one positive done was selected by immunological screening as described herelnbelow. A monoclonal antibody 

20 used In the Immunological screening was prepared by the method described in Japanese Patent Application 
Laying-open (KOKAI) No. 91328/88. 

E.coli Y1090 (R^. Young etal , Pro. NatL Acad. ScL U.S.A., 80, 1 194-1 198 (1983), which had been trans- 
fected with Xgt 11, was Inoculated In a petri dish together with soft agar held at 42°C. The transacted cell was 
allowed to stand at 42°C for 5 hours. A nitrocellulose filter (S & S. BA-83, pore size of 0.2 pm) containing 10 

25 mM IPTG was placed on the cefl in the dish and incubation was effected at 37°C for 3-4 hours. This nitrocellulose 
filter was lightly rinsed with TBS buffer (10 mM Tris-HCI, pH 7.5, 50 mM NaCI), immersed in the TBS buffer 
(400 ml) containing 3% gelatine and shaked at40°Cfbr one hour. Thus, the nitrocellulose fflter was blocked. 
Then, a monoclonal antibody (OD^o ■ 4.3) directed to a non-A non-B hepatitis-specific antigen was added to 
TBS buffer containing 1% gelatine with a dilution of 1/400. This mixture was put Into a vinyl bag together with 

30 thefDterln a proportion of 2ml of the mixture perfilter, and reaction was allowed to proceed at room temperature 
for 16 hours. The reaction mixture was three times washed with TBS buffer (400 ml) containing 0.05% Tween 
20 over 10 minutes. A labelled secondary antibody, anti-mouse IgG-PAP (horseradish peroxidase, Bio Rad) 
was added to TBS buffer containing 1% gelatine with a dilution of 1/1,000. This mixture and the filter were put 
Into a vinyl bag with a proportion of 2 ml of the mixture perfilter. Reaction was snowed to proceed at room tent- 
hs perature for 2 hours. The reaction mixture was three times washed with TBS buffer (400 mi) containing 0.05% 
Tween 20 over 10 minutes, In the same manner as described above. Colordevelopmentwas effected by dipping 
the filter and 4-ch!oro-1-naphthol (12mg, Bio Rad) into 20 ml of TBS buffer containing hydrogen peroxide. After 
completion of the color development, the fflter was thoroughly washed with water and put into a vinyl bag con- 
taining water. The bag was stored in a dark and cold place. 

40 Thus, one positive plaque was obtained. The plaque was three times subjected to single plaque isolation. 
In each time. Immunological screening was effected in the same manner as described above, verifying that the 
plaque was In fact positive. 

The phage was then cultured In a large scale to purify the DNA in the following manner : First, E coll Y1 090 
was cultured overnight in 1 0 ml of NZ medium prepared by adding NZ amine (1 0 g), Nad (5 g) and 5 mM MgCfe 
45 to one liter of water followed by adjusting the pH to 7.2. The culture (1 ml) was transfected with the phage, with 
the raal. (multiplicity of infection) being 0.1. The transfected culture was allowed to stand at 37°C for 10 minutes 
and then transferred to one liter of NZ medium. Shaking culture was effected at 37°C for 7-8 hours until the 
cells were lysed. Chloroform (5 ml) was added to the culture and shaking was continued for additional 30 
minutes. The culture was subjected to centrifogatlon at 6,500 rpm for 10 minutes to remove cefl debris. 
60 NaCI (29 g) and polyethylene glycol (70 g) were added to and thoroughly dissolved In the obtained super- 
natant, and the solution was allowed to stand at 4°C overnight The precipitate was collected by centrifugatton 
at 6,500 rpm for 20 minutes, drained thoroughly, and dissolved In 20 ml of TM buffer : 10 mM Tris-HCI (pH 7,5), 
5 mM Mgd 2 . DNase I and RNase A were added to the solution, both with a concentration of 10 pg/ml, and the 
reaction was effected at 37°C for one hour. Chloroform (20 ml) was then added to the reaction mixture and 
65 stirred ; thus, polyethylene glycol was distributed in the chloroform layer which was then separated from the 
aqueous layer. This aqueous layer was ultra-centrifuged at 28,000 rpm for 60 minutes. Thus, a pellet of phage 
particles was obtained. 

This pellet was dissolved in TM buffer (1 ml) and subjected to CsCt density gradient centrifugatton at 33,000 
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rpm for 20 hours. The resultant fraction containing the phage particles (p = 1.45-1 .50) was dialyzed overnight 
against TM buffer. Proteinase K was added to the dlalyzate in an amount of 100 ug/m! and reaction was effected 
at 37°C for one hour. Thereafter, an equal volume of water-saturated phenol was added and phenol-extraction 
was gently effected. After centrifugatton at 6,500 rpm for 1 0 minutes, the aqueous layer was removed, put into 
5 a dialysis tube, and dialyzed overnight against water at 4°C. Thus, about 5 mg of DNA was obtained. 

Cleavage reaction of this DNA (1 00 ug) with EcoRl (1 00 units) in the aforementioned buffer (1 00 ui) at 37°C 
revealed that two cDNA segments of 390 bp and 345 bp were Inserted into the phage DNA 

These two EcoR l fragments were re-cloned into EcoR l site of a cloning vector pUC 119. Base sequences 
of these DNA fragments were determined by the dldeoxy method using commercially available primers GAG- 
10 GAAACAGCTATGAC and AGTCACGACGTTGTA, respectively. The base sequence of the linking portion bet- 
ween these two DNA fragments was similarly determined by cutting this cDNA fragment at BamHI and EcoRV 
sites present therein with corresponding specific restriction enzymes, inserting the resulting BamHI-EcoRV 
DNA fragment between BamH I and Smal sites of the piasmld pUC 119, and sequencing the fragment by the 
dideoxy method. 

15 The base sequence of said cDNA fragment is shown in Rg. 3. This was a partial cDNA fragment of a gene 
coding for an antigenic protein specific to norvA non-B hepatitis. 

EXAMPLE 2 : Preparation of cONA Containing the Full Length Gene Sequence 

20 Messenger RNA was prepared as described In Example 1 and cDNA was synthesized using Okayama vec- 
tor according to the conventional method described in Molecular Cloning, p. 21 1 etseq. The procedures used 
to synthesize cDNA were as follows : 

To 300 uJ of a solution (10 mM Tris-HCI, pH 7.5, 6 mM MgCI* 10 mM NaCI), there were added 400 ug of 
pCDV 1 (Okayama and Berg, Moi. Cell. BioL, 3, 280 (1983)) and 500 units of Kpni (TAKARA SHUZO, Japan), 

25 all restriction enzymes used hereinafter having been manufactured by TAKARA SHUZO (Japan) unless other- 
wise noted. Reaction was effected at 37°C for 6 hours to cut the plasmid at Kgnl site therein. After phenol-chlo- 
roform extraction, ethanol precipitation was effected to recover DNA. 

The DNA (about 200 ug) cleaved with Kpni was added to 200 uJ of a solution which was obtained by adding 
dTTP in a concentration of 0.25 mM to a buffer (TdT buffer) : 40 mM sodium cacodylate, 30 mM Tris-HCI (pH 

30 6.8), 1 mM CaCt* 0.1 mM dfthlothreitol (DTT). Further, 81 units of terminal deoxynucleotidyf transferase (TdT, 
manufactured by P-L BiochemicaJs) was also added. Reaction was effected at 37°C for 11 minutes. Thus, a 
poty(dT) chain (about 67 deoxythymidylic acid residues) was added to the 3' end at the Kpnl-cleaved site of 
pCDV 1. After phenol-chloroform extraction and ethanol-precipitatbn, about 100 ug of pCDV 1 DNA to which 
pdy(dT) chain had been added was recovered from the reaction mixture. 

35 The thus obtained DNA was added to 150 uJ of a buffer (10 mM Tris-HCI, pH 7.5, 6 mM MgCI* 1 00 mM 
NaCI), and Hpal (360 units) was also added, followed by reaction at 37°C for 2 hours. The reaction mixture 
was subjected to electrophoresis on agarose gel to separate and recover about 3.1 Kbp DNA fragment Thus, 
there was obtained about 60 ug of poly(dT)-containing pCDV 1. 

The thus obtained DNA was dissolved in 500 ul of a solution (10 mM Tris-HCI, pH 8.0. 1 mM EDTA), Incu- 

40 bated at 65°C for 5 minutes, and cooled on Ice. After adding 5 M NaCI (50 uQ, the mixture was subjected to 
chromatography on oligo(dA) cellulose column (Colaborative Research). DNA having a poly(dT) chain of suf- 
ficient length was adsorbed on the column and eluted with a solution : 10 mM Tris-HCI (pH 8.0), 1 mM EDTA. 
Thus, there was obtained 27 ug of pCDV 1 to which poly(dT) chain had been added, abbreviated hereinafter 
as vector primer. 

48 A linker DNA was prepared in the following manner : To 200 uJ of a solution (10 mM Tris-HCI, pH 7.5, 6 
mM MgCI* 50 mM Nad), there were added about 14 ug of pL 1 (Okayama and Berg, Mol. Cell. Biol., 3, 280 
(1983)) and 50 unite of Pteti. Reaction was effected at 37°C for 4 hours to cut the pL 1 DNA at Psti site. Phe- 
nol-chloroform extraction and ethanol precipitation of the reaction product gave about 13 ug of pL 1 DNA 
deaved at Psti site. 

so The thus obtained DNA (about 13 ug) was added to 50 ul of the TdT buffer containing dOTP at a final con- 
centration of 0.25 mM, and 54 units of TdT (P-L Biochemicats) was also added. The mixture was incubated at 
37°C for 13 minutes to add a (dO) chain (about 14 deoxyguanyUc add residues) to the 3' end at the Psti-cleaved 
site of pL 1. After phenol-chlorofbrm extraction, DNA was recovered by ethanol precipitation. 

The thus obtained DNA was added to 100 ul of a buffer (10 mM Tris-HCI, pH 7.5, 6 mM MgCI* 60 mM 

55 NaCI), and 80 units of Hindlil was also added. The mixture was incubated at 37°C for 3 hours to cut the pL 1 
DNA at Hindlil sfte. The reaction product was fractionated by agarose gel electrophoresis. About 0.5 Kb DNA 
fragment was recovered by the DEAE paper method : Dretzan et ah , AnaL Biochem., 112, 295 (1981). Thus, 
there was obtained an o!lgo(dG) chain-containing linker DNA, hereinafter abbreviated simply as linker DNA. 
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The aforementioned pofy(A)* RNA (about 2 pg) prepared in the same manner as to Example 1 and the 
vector primer (about 1 A pg) were dissolved In 22.3 pi of a solution : 50 mM Tris-HCI (pH 8.3), 8 mM MgCI* 30 
mM KG, 0.3 mM DTT, 2 mM dNTP (dATP, dTTP, dGTP and dCTP) and 10 units of ribonucfease Inhibitor (P-L 
Biochemfcals). To the solution, there was added 10 units of reverse transcriptase manufactured by 
5 SEIKAGAKU KOGYO (Japan). Incubation was effected at 37°C for 40 minutes to synthesize a DNA com- 
plementary to the mRNA. After phenol-chiorofdrm extraction and ethanoi precipitation, the vector primer DNA 
to which a double stranded RNA-DNA had been added was recovered. 

The thus obtained vector primer DMA containing RNA-DNA double stranded chain was dissolved In 20 pi 
of TdT buffer containing 60 pM dCTP and 0.2 pg poly(A). After adding 14 units of TdT (P-L Biochemical), the 
10 mixture was incubated at 37°C for 8 hours to add a (dC) chain of 12 deoocycytidyllc acid residues to the 3' end 
of the cDNA. The reaction product was extracted with phenol-chloroform and precipitated with ethanoi to 
recover a cDNA-vector primer DNA to which a (dC) chain had been added. 

The thus obtained (dC) chain-containing cDNA-vector primer DNA was dissolved In 400 pi of a solution 
(1 0 mM Tris-HCI, pH 7.5. 6 mM MgCfe 60 mM NaCQ t and 20 units of Hindlll was also added. The mixture was 
15 incubated at 37°C for 2 hours to cut the DNA at Hindlll site. The reaction product was extracted with phenol- 
chloroform and precipitated with ethanoi* Thus, there was obtained 0.5 pmole of a (dC) chain-containing cDNA- 
vector primer DNA. 

The thus obtained (dC) chain-contalnig cDNA-vector primer DNA (0.08 pmole) and the aforementioned lin- 
ker DNA (0.16 pmole) were dissolved In 40 pi of a solution : 10 mM Tris-HCI (pH 7.5), 0.1 M Nad, 1 mM EDTA. 

20 The resulting solution was incubated at 65°C for 10 minutes, at 42°C for 25 minutes, and then at 0°C for 30 
minutes. The reaction mixture was adjusted to 20 mM Tris-HCI (pH 7.5), 4 mM MgCI* 10 mM (NHiJjSO* 0.1 
M KCI and 0.1 mM p-NAD in a total volume of 400 pi. 

To the reaction mixture, there was added 10 units of E. coll DNA ligase (New England Biolabs), followed 
by incubation overnight at 1 1°C. After adjusting the concentrations of dNTP and p-NAD In the reaction mixture 

25 to 40 pM and 0.15 mM, respectively, by supplementing necessary reagents, 5 units of E. coil DNA ligase, 7 
units of E. coll DNA polymerase I (P-L Biochemicals) and 2 units of E. coll ribonudease H (P-L Biochemicals) 
were added to the reaction mixture. The mixture was incubated at 12°C for one hour and then at 25°C for one 
hour. 

In the course of the above reactions, a recombinant DNA containing the cDNA was cydized and the RNA 
30 portion of the RNA-DNA double stranded chain was substituted by DNA. Thus, a desired recombinant plasmki 
containing a complete double-stranded DNA was produced. 

The recombinant plasmid was used to transform competent ceDs of E. coil strain MC1 064 prepared by con- 
ventional methods. Approximately 50,000 transformants were fixed on a nitrocellulose filter. These colonies 
were screened according to the colony hybridization method described in Molecular Cloning, Cold Spring Har- 
35 bor Laboratory, p. 329 etseq. (1982) using the cDNA fragment obtained in Example 1 as a "P-labeUed probe. 
Thus, three dones showed strong hybridization at 42°C 

These positive dones were analyzed In detail by Southern method : J. Mo). Biol., 98, 503 (1975). There 
was obtained the desired fuQ length cDNA of a gene coding for an antigenic protein specific to non-A non-B 
hepatitis. The base sequence of the cDNA Is shown in Fig. 4. 
40 The expression vector containing the full length cDNA was designated as pCDVCL-l. 

EXAMPLE 3 : Preparation of Expression Vector and Transfdrmant and Expression of Specific Antigen 

A. Preparation of Expression Vector and Transfdrmant 

45 

0 Modification of N-termfnus (Fig. 5) : 

0 In 100 pi of a buffer (10mM Tris-HCI, pH 7.5, 100 mM NaCI, 8 mM MgdJ, pCDVCL-l (5pg) was digested 
with Pvul (10 units) at 37°C for 2 hours. The reaction mixture was heated at 75°C for 15 minutes to deao» 

so tivate the enzyme, dialyzed against water, and dried. The cleaved plasmid DNA was treated with T4 DNA 
polymerase (4 units) In 40 pi of a system : 33 mM Tris-acetic acid (pH 7.9), 66 mM potassium acetate, 10 
mM magnesium acetate and 0.5 mM dfthiothreftol, to which 2 mM 4-deaxytriphosphate had been added ; 
thus, the 3' protruding end of the plasmid DNA was filed In to produce a blunt end. The thus heated mixture 
was heated at 70°C for 1 0 minutes to deactivate the enzyme, dialyzed against water, and dried. The thus 

55 obtained plasmid DNA was then stored in the form of an aqueous solution (50 pi). This plasmid DNA frag- 
ment is hereinafter designated as Fragment I. 

B) On the other hand, pCDVCL-l (20 pg) was digested with Ncol and Hindlll (each 20 units) at 37°C for 2 
hours in 100 pi of a buffer : 10 mM Tris-HCI (pH 7.5). 100 mM Nad, 6 mM MgCfe. The plasmid DNA was 
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subjected to 5% acrylamide gel electrophoresis at 10 V/cm for 1.5 hours In a buffer : 89 mM Trfs, 69 mM 
boric acid, 2 mM EDTA. The gel was stained with 0.05% aqueous ethidlum bromide solution and two gel 
slices corresponding to DNA fragments of larger molecular weights were excised from the gel under 
ultraviolet radiation at 340 nm. The gel slices were crushed by means of a glass rod, suspended into 4 ml 
of a buffer for DNA extraction (0.5 M ammonium acetate, 10 mM magnesium acetate, 1 mM EDTA, 0.1% 
sodium lauryisuffate), and allowed to stand overnight at 37°C to extract DNA from the gel. The materials 
were subjected to centrifugation at 10,000 rpm for 15 minutes to eliminate larger gel pieces, and passed 
through a glass filter to remove smaller gel pieces. The DNA was purified by effecting ethanol precipitation 
three times and stored in the form of an aqueous solution (200 pi). This plasmid DNA fragment is hereinafter 
designated as Fragment II. 

fll> A primer of the DNA portion to be modified as shown below (51 bases) was synthesized by a DNA synth- 
esizer, NIKKAKI (Japan), Applied Biosystem MODEL 380A. The synthesized DNA was overnight reacted 
with concentrated aqueous ammonia at 55°C to deprotect and purified by reversed HPLC before use. 



Hindi II 

Primer ACAACAGATC TAAGCTTA TGGCAGTTACAACAAGATTAA 

XXX X XX X X 

(Original sequence) ( A — A-G G TC-C — G- 



CATGGTTGCATG wherein x represents a 
base substitution, 

) 

The synthetic primer (150 pmole) was treated with T4 polynucleotide kinase (20 units) In 10 pi of a kinase 
buffer (50 mM Trts-HCi, pH 8.0, 10 mM MgCI* 5 mM dithiothreftol) to phosphorylate the 5 / end thereof, 
tv) Fragment I (0.05 pmole), Fragment II (0.05 pmole) and 5'-phosphorylated primer (45 pmole) were added 
to 12 pi of 5x pdymerase-figase buffer (0.5 M NaCl, 3Z5 mM Tris-HCI, pH 7.5, 40 mM MgCI* 5 mM p- 
mercaptoethanol) to make the total volume of the mixture 34.8 pi. The mixture was boiled at 100°C for 3 
minutes, immediately afterwhich it was placed in a thermostat at 30°C and allowed to stand for 30 minutes. 
The mixture was allowed to stand at 4°C for 30 minutes and then on ice for 1 0 minutes to form a heterodup- 
lex. 

To an aqueous solution (1 1.6 nJ) containing the heteroduplex. there were added Z5 mM 4-deoxynucleotide 
triphosphate (2 pi), 10 mM ATP (2 pi), Klenow enzyme (2 units) and T4 DNA ligase (0.5 units) to form a mixture 
of 20 |tl in total volume. The mixture was reacted overnight at 16°C to cyclize the DNA. 

An aqueous solution (2 pi) containing the circular DNA was used to transform E. coll HB1 01 strain according 
to conventional methods. Plasmids were separated from the transfdrmant and purified in conventional manners. 
The plasmid was cleaved with restriction enzyme Hindlll and subjected to 5% acryiamide gel electrophoresis. 
Thus, two separata fragments were collected as desired modified, variant plasmids. Since resulting variant plas- 
mids might often be admixed with original wild-type plasmids, the thus obtained variant plasmids were again 
employed to transform E. coll HB101 so as to purify the plasmid. 

Thus, a purified plasmid pCV44H was obtained (Fig. 5). 

U) Modification of Otermlnus (Fig. 6) : 

i) Plasmid pCDVCL-i (5 fig) was treated In the same manner as in 1)1) described above to produce Fragment 
I. 

ii) Plasmid pCDVCL-l (20 pg) was treated in the same manner as In I) H) described above except that Ncoi 
and Nsfl (each 5 units) were employed. Thus, Fragment II was produced. 

Hi) In the same manner as in I) in) described above, the following primer (46 bases) was synthesized and 
the 5' end thereof was phosphorated. 
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Bqlll Sai l 

Primer GCACAAGGAAAAAAAT GAGATCT.GTCGACG GTTCACGTA 

xxxxxxxxxxxxx 

(Original sequence) ( AGATATGTGAA*A 



AATTTCC wherein x represents a base 

substitution and * represents 
— ) an addition. 

10 

iv) The Fragment I and I! and the S'-phosphorylated primer obtained above in II) I) to iu> were treated in 
the aame manner as In I) Iv) described above. Thus, plasmid pCV44B was obtained (Fig. 6). 

is III) Introduction of cDNA coding for specific antigen into expression vector (Fig. 7) : 

0 In 100 uJ of a buffer H (10 mM Tris-HCI, pH 7.5, 100 mM NaCI, 6 mM MgCy, 10 ug (about 3 pmole) of 
pCV44H was cut with Hlndlll (20 units) and Sacj (20 unfts) at 37°C for 2 hours. The reaction mixture was 
subjected to 5% acryiamide gel electrophoresis. Thus, a 467 bp DNA fragment coding for the N-terminus 
20 of the specific antigen was separated and purified. This fragment Is hereinafter designated as Fragment 
N. 

ii) In 100 ui of the buffer H, 10 ug (about 3 pmole) of pCV44B was cleaved with Bglll (20 units) and Sad 
(20 units) at 37°C for 2 hours. The reaction mixture was subjected to 5% acryiamide gel electrophoresis 
to isolate and purify a 836 bp DNA fragment coding for the C-terminus of the specific antigen. The thus 

25 obtained fragment is hereinafter designated as Fragment C. 

Hi) In 20 ui of buffer H, 2 ug (about 1 pmole) of an expression vector pUSAH was cut with Hlndlll (2 units) 
and Bgll l (2 unfts) at 37°C for 2 hours. The reaction mixture was extracted with an equal volume of water- 
saturated phenol to remove proteins. After extracting the phenol with ether, the reaction mixture was 
dlalyzed against water to desalt, and concentrated by a vacuum pump. Thus, there was obtained 10 uJ of 

a? an aqueous solution containing an expression vector fragment HB. 

Iv) Fragment N (0.5 pmole), Fragment C (0.5 pmole) and the expression vector fragment HB (0.1 pmole) 
were mixed and reacted with T4 DNA ligase (1 unit) at 4°C for 16 hours in 10 ul of a buffer (1 0 mM Tris-HCI, 
pH 7.5, 1 mM dithlothreftol, 6 mM MgCfe, 1 mM ATP). The reaction mixture (3 uJ) was used to transform 
commercially available E. coli JM109 competent ceil according to conventional methods. The resulting 

35 transformants were selected In L broth plate (bactopeptone 10 g t yeast exstract 5 g, Naa 10 g, agar 15 g 
per liter) containing 20 ug/ml ampicfllin. Thus, there was obtained an expression vector pCZ44 containing 
the specific antigen gene Inserted thereinto (Fig. 7). 

B. Expression of Specific Antigen 

40 

E. coli strain JM109 possessing pCZ44 was cultured overnight at 30°C in L broth. The culture was Inocu- 
lated in a fresh L broth with a dilution of 1/50 and cultured with shaking at 30°C for 2 hours. After 1PTO (isop- 
ropylthlo-p-D-galactopyranoside) was added to the medium in a concentration of 2 mM, shaking culture was 
continued at 30°C for further 3 hours. The cells were collected by centrifugation at 6,500 rpm for 10 minutes 
45 and suspended in a buffer (0.9% NaCI, 10 mM Tris-HCI, pH 7.5) to store. 

C. Verification of Expression of Specific Antigen 

The thus obtained cell culture (0.3 ml) was subjected to 10% SDS pofyacryi amide gel electrophoresis at 
so 120 V for one hour in a buffer (T rts 3g/l, glycine 14.4 g/l, 0.1% SDS). The gel was removed, placed on a nit- 
rocellulose filter, interposed between filter papers and electrophoresed at 5 V/cm, 4°C In a buffer (Trie 3g/i, 
glycine 14.4 g/l) to transferred proteins In the gel onto the nitrocellulose filter. The nitrocellulose filter was rinsed 
with TBS buffer (10 mM Tris-HCI, pH 7.5, 50 mM Nad), immersed Into 400 ml of TBS buffer containing 3% 
gelatine and shaked at 40°C for one hour to block the nitrocellulose filter. 
55 To TBS buffer containing 1% gelatine, there was added a monoclonal antibody directed to a non-A non-B 
hepatitis-specific antigen (OQao s 4.3) with a dilution of 1/400. The resulting mixture and the nitrocellulose fflter 
were put into a vinyl bag so that the mixture was present in an amount of 2 ml per filter. Reaction was effected 
at room temperature for 1 6 hours. The reaction mixture was washed three times with 400 ml of TBS buffer con- 
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tainfng 0.05% Tween 20 for 10 minutes. • 

To TBS buffer containing 1% gelatine, there was added a labelled secondary antibody, anti-mouse IgG- 
PAP (horseradish peroxidase, Bio Rad), with a dilution of 1/1000. The resulting mixture and the nitrocellulose 
filter were put into a vinyl bag so that the mixture was present in an amount of 2 m) per fitter. Reaction was 

5 effected at room temperature for 2 hours. The reaction mixture was washed three times with 400 ml of TBS 
buffer containing 0.05% Tween 20 for 10 minutes. 

Color formation was effected by immersing the filter into 20 ml of TBS buffer containing 12 mg of 4-chio- 
ro-1-naphthol (Bio Rad) and hydrogen peroxide. After completion of color formation, the filter was thoroughly 
washed wfth water, put into a vinyl bag containing water, and stored in a dark and cdd place. 

10 Such a test effected showed that a protein reacting with the monoclonal antibody was found at the same 
position (44 Kd) as found in the case of the specific antigen derived from infected chimpanzee liver. This verifies 
that such a specific antigen can be In feet expressed in EcpjL The invention thus also relates to a process for 
the In vitro diagnosis of NON-A NON-B hepatitis, which comprises contacting a liver sample and/or a serum 
sample taken from a patient possibly infected with a NON-A NON-B hepatitis with the protein whose formula 

15 appears In claim 3 hereafter or a part thereof fbra time and under conditions sufficient to allow for the production 
of a complex between said protein or part thereof with the antibodies contained in the patient sample and detect- 
ing the presence of the immunologic complex, particularly when the patient is suffering from NON-A NON-B 
hepatitis. 

Any part of said protein,or any recombinant, produced by genetic engineering and including the aminoacid 
20 sequence of said protein or part of said protein can be substituted for above-said protein, it being understood 
that the said recombinant protein or part of said protein are specifically recognized by the same antibodies as 
those which recognize said protein. 

In other words the invention relates to all recombinant proteins or protein fragments which bind to antibodies 
contained in a liver extractor serum sample, or both, and originating from a patient suffering from NON-A NON-B 
25 hepatitis. 

The invention also relates to a process for detecting in vitro an infection by a NON-A NON-B hepatitis vims, 
which process comprises contacting the DNA of claim 4, or a fragment thereof, under suitable hybridization 
conditions, with a sample of liver extract and/or serum sample originating from the patient to be diagnosed and 
in which the nucleic acid components had previously been made accessible to hybridization, to form a hybri- 
30 dization product between said DNA of claim 4 (probe) and the viral DNA of a NON-A NON-B hepatitis B virus, 
and detecting said hybridization product, particularly In the case where the patient is indeed Infected wfth a 
NON-A NON-B virus. 



35 Claims 

1. A DNA fragment which contains a base sequence coding for an antigenic protein specifically occurring 
in a host affected with non^A non-B hepatitis, said protein comprising the whole or a part of the amino acid sequ- 
ence represented by the formula : 

40 
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10 



Met Ala Val Thr Thr Arg Leu Thr Trp Leu Eis Glu Lys He Leu 



20 



Gin Asn His Phe Gly Gly Ly. Arg Leu Ser Leu Leu Tyr Lys Wy 



40 



Ser Val His Gly Phe His Asn Gly v«i Leu Leu Asp Arg Cys Cys 



SO 



60 



Asn Gin Gly Pro Thr Leu Thr Vol lie Tyr Ser Glu Asp Bis lie 



70 



lie Gly Ala Tyr Ala Glu Glu Gly Tyr Gin Glu Arg Lys Tyr Ala 



80 



Ser lie lie Leu Phe Ala Leu Gin Glu Thr Lys lie Ser Glu Tr£ 



100 



Lys Leu Gly Leu Tyr Thr Pro Glu Thr Leu Phe Cys Cys Asp Val 



110 



Ala Lya Tyr Asn Ser Pro Thr Asn Phe Gin lie Asp Gly Arg £sn 



130 



Arg Lys Val lie Met Asp Leu Lys Thr Met Glu Asn Leu Gly Leu 



140 



Ala Gin Asn Cys Thr He Ser lie Gin Asp Tyr Glu Val Phe Arg 



160 



Cys Glu Asp Ser Leu Asp Glu Arg Lys lie Lys Gly Val He 



170 



Glu 
180 



Leu Arg Lys Ser Leu Leu Ser Ala Leu Arg Thr Tyr Glu Pro Tyr 



190 



Gly Ser Leu Val Gin Gin He Arg He Leu Leu Leu Gly Pro He 
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.200 210 
Gly Ala Gly Lys Ser Ser Phe Phe Asn Ser Val Arg Ser Val Phe 

220 

Gin Gly His Val Thr His Gin Ala Leu Val Gly Thr Asn Thr Thr 

230 240 
Gly lie Ser Glu Lys Tyr Arg Thr Tyr Ser lie Arg Asp Gly Lys 

250 

Asp Gly Lys Tyr Leu Pro Phe lie Leu Cys Asp Ser Leu Gly Leu 

260 270 
Ser Glu Lys Glu Gly Gly Leu Cys Met Asp Asp lie Ser Tyr lie 

280 

Leu Asn Gly Asn lie Arg Asp Arg Tyr Gin Phe Asn Pro Met Glu 

290 300 
Ser lie Lys Leu Asn His His Asp Tyr lie Asp Ser Pro Ser Leu 

310 

Lys Asp Arg lie His Cys Val Ala Phe Val Phe Asp Ala Ser Ser 

320 330 
lie Glu Tyr Phe Ser Ser Gin Met lie Val Lys lie Lys Arg lie 

340 

Arg Arg Glu Leu Val Asn Ala Gly Val Val His Val Ala Leu Leu 

350 360 
Thr His Val. Asp Ser Met Asp Leu lie Thr Lys Gly Asp Leu lie 

370 

Glu He Glu Arg Cys Val Pro Val Arg Ser Lys Leu Glu Glu Val 

380 39Q 
Gin Arg Lys Leu Gly Phe Ala Leu Ser Asp He Ser Val Val Ser 

Asn Tyr Ser Ser Glu Trp Glu 4 °° 



Leu Asp Pro Val Lys Asp Val Leu 

410 

Met Leu Trp Ala Ala Asp Asp Phe 



11U 

He Leu Ser Ala Leu Arg Arg - 420 



Leu Glu Asp Leu Pro Phe Glu Gin He Asn Leu Arg 



430 

Glu Glu 

lie He Asn Cys Ala Gin Gly Lys Lys ***. 



2. The ONA fragment in accordance with claim 1 , in which the base sequence comprises the whole or 
part of the base sequence represented by the formula : 
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10 20 30 40 

ATG GCA GTC ACA ACT CGT TTG ACA TGG TTG CAT GAA AAG ATC 



50 60 70 80 

CTG CAA AAT CAT TTT GGA GGG AAG CGG CTT AGC CTT CTC TAT 



90 100 HQ 120 

AAG GGT AGT GTC CAT GGA TTC CAT AAT GGA GTT TTG CTT GAC 



130 140 150 160 

AGA TGT TGT AAT CAA GGG CCT ACT CTA ACA GTG ATT TAT AGT 

170 180 190 200 210 

GAA GAT CAT ATT ATT GGA GCA TAT GCA GAA GAG GGT TAC CAG 



220 230 240 250 

GAA AGA AAG TAT GCT TCC ATC ATC CTT TTT GCA CTT CAA GAG 



260 270 280 290 

ACT AAA ATT TCA GAA TGG AAA CTA GGA CTA TAT ACA CCA GAA 



300 310 320 330 

ACA CTG TTT TGT TGT GAC GTT GCA AAA TAT AAC TCC CCA ACT 
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340 350 360 370 

AAT TTC GAG ATA GAT GGA AGA AAT AGA AAA GTG ATT ATG GAC 



380 390 400 410 420 

TTA AAG ACA ATG GAA AAT CTT GGA CTT GCT CAA AAT TGT ACT 



430 440 450 460 

ATC TCT ATT CAG GAT TAT GAA GTT TTT CGA TGC GAA GAT TCA 



470 480 490 500 

CTG GAC GAA AGA AAG ATA AAA GGG GTC ATT GAG CTC AGG AAG 

510 520 530 540 

AGC TTA CTG TCT GCC TTG AGA ACT TAT GAA CCA TAT GGA TCC 

550 560 570 580 

CTG GTT CAA CAA ATA CGA ATT CTG CTG CTG GGT CCA ATT GGA 

590 600 610 620 630 

GCT GGG AAG TCT AGC TTT TTC AAC TCA GTG AGG TCT GTT TTC 

640 650 660 670 

CAA GGG CAT GTA ACG CAT CAG GCT TTG GTG GGC ACT AAT ACA 



680 690 700 710 

ACT GGG ATA TCT GAG AAG TAT AGG ACA TAC TCT ATT AGA GAC 

720 730 740 750 

GGG AAA GAT GGC AAA TAC CTG CCA TTT ATT CTG TGT GAC TCA 

760 770 780 790 

CTG GGG CTG AGT GAG AAA GAA GGC GGC CTG TGC ATG GAT GAC 



800 810 820 830 840 

ATA TCC TAC ATC TTG AAC GGT AAC ATT CGT GAT AGA TAC CAG 



850 860 870 880 

TTT AAT CCC ATG GAA TCA ATC AAA TTA AAT CAT CAT GAC TAC 



16 



EP 0 293 274 B1 



890 900 910 920 

ATT GAT TCC CCA TCG CTG AAG GAC AGA ATT CAT TGT GTG GCA 



930 940 950 960 

TTT GTA TTT GAT GCC AGC TCT ATT GAA TAC TTC TCC TCT CAG 



970 980 990 1000 

ATG ATA GTA AAG ATC AAA AGA ATT CGA AGG GAG TTG GTA AAC 



1010 1020 1030 1040 1050 

GCT GGT GTG GTA CAT GTG GCT TTG CTC ACT CAT GTG GAT AGC 



1060 1070 1080 1090 

ATG GAT CTG ATT ACA AAA GGT GAC CTT ATA GAA ATA GAG AGA 



1100 1110 1120 1130 

TGT GTG CCT GTG AGG TCC AAG CTA GAG GAA GTC CAA AGA AAA 



1140 1150 1160 1170 

CTT GGA TTT GCT CTT TCT GAC ATC TCG GTG GTT AGC AAT TAT 



1180 1190 1200 1210 

TCC TCT GAG TGG GAG CTG GAC CCT GTA AAG GAT GTT CTA ATT 



1220 1230 1240 1250 1260 

CTT TCT GCT CTG AGA CGA ATG CTA TGG GCT GCA GAT GAC TTC 



1270 1280 1290 1300 

TTA GAG GAT TTG CCT TTT GAG CAA ATA GGG AAT CTA AGG GAG 



1310 1320 1330 

GAA ATT ATC AAC TGT GCA CAA GGA AAA AAA 3' 



wherein the sign represents a base complementary to the base shown just above each sign. 

3. An expression vector in which a DNA fragment containing a base sequence according to claim 1 or 2 
and coding for an antigen specifically occurring In a host affected with non-A non-B hepatitis is introduced into 
a cloning site present downstream from a promoter of said vector. 

4. The expression vector in accordance with claim 3, in which the promoter is controllable by a regulatory 
factor. 

5. The expression vector in accordance with claim 3, in which the promoter operates in a microorganism. 

6. The expression vector in accordance with claim 3, in which the promoter operates In an eukaryote. 

7. A transformant obtained by transforming a host with an expression vector in which a DNA fragment con- 
taining a base sequence according to claim 1 or 2 and coding for an antigen specifically occurring In a host 
affected with non-A non-B hepatitis is introduced into a cloning site present downstream from a promoter of 
said vector. 
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8. The transformant in accordance to claim 7, In which the host is Escherichia coil or Bacillus subtflis. 

9. A process for producing an antigen occuring specifically in a host affected with non-A non-B hepatitis, 
comprising introducing a DNA fragment containing a base sequence according to claim 1 or 2 and coding for 
said specifically occuring antigen Into a cloning sfte present downstream from a promoter of a vector for exp- 
ression, introducing the expression vector containg said DNA fragment into a host, culturing said transformed, 
and collecting the produced and accumulated antigen. 

10. Process for the In vitro diagnosis of non-A non-B hepatitis which comprises contacting a liver sample 
and/or a serum sample taken from a patient suspected of being infected with a non-A non-B hepatitis, with the 
protein whose sequence appears in claim 1, or a part thereof, for a time and under conditions sufficient to allow 
for the production of a complex between said protein or a part thereof with the antibodies contained in the patient 
sample and detecting the presence of the immunological complex, particularly when the patient is suffering from 
non-A non-B hepatitis. 



Revendlcattons 

1 . Fragment cfADN qui contient une sequence de bases codant pour une prottine antigenfque rencontre© 
speciflquement chez un hdte atteint de ('hepatite non-A non-B, ladite proteine comprenant la totalite ou une 
partie de la sequence d'acfcles amines representee par la formula : 
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10 

Met Ala Val Thr Thr Arg Leu Thr Trp Leu His Glu Lys lie Leu 

20 30 
Gin Asa His Phe Gly Gly Lys Arg Leu Ser Leu Leu Tyr Lys Gly 

40 

10 Ser Vai His Gly Phe His Asa Gly Vel Leu Leu Asp Arg Cys Cys 

SO 60 
Asn Gin Gly Pro Thr Leu Thr Vel lie tyr Ser Glu Asp His lie 



15 70 

He Gly Ale Tyr Ala Glu Glu Gly Tyr Gin Glu Arg Lys Tyr Ala 

•0 )0 
Ser lie lie Leu Phe Ala Leu Gla Glu Thr Lys Zle Ser Glu Trp 

100 

Lys Leu Gly Leu Tyr Thr Pro Glu Thr Leu Phe Cys Cys Asp Val 

"0 120 
Ala Lys Tyr Asn Ser Pro Thr Asn Phe Gla Zle Asp Gly Arg Asa 

130 

Arg Lys Val Zle Met Asp Leu Lys Thr Met Glu Asa Leu Gly Leu 

140 ISO 
Ala Gla Asn Cys Thr Zle Ser Zle Gla Asp Tyr Glu Val Phe Arg 

160 

35 Cys Glu Asp Ser Leu Asp Glu Arg Lys Zle Lys Gly Val Zle Glu 

170 180 
Leu Arg Lys Ser Leu Leu Ser Ala Leu Arg Thr Tyr Glu Pro Tyr 



20 



25 



30 



40 190 

Gly S«r Leu Val Gla Gla lie Arg Ila Leu Lau Leu Gly Pro Zle 



45 
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200 210 

i Gly Ala Gly Lys Ser Ser Phe Phe Asn Ser Val Arg Ser Val Phe 

220 

Gin Gly His Val Thr His Gin Ala Leu Val Gly Thr Asn Thr Thr 

230 240 
Gly ll« Ser Glu Lys Tyr Arg Thr Tyr Ser lie Arg Asp Gly Lys 

250 

Asp Gly Lys Tyr Leu Pro Phe lie Leu Cys Asp Ser Leu Gly Leu 

260 270 
Ser Glu Lys Glu Gly Gly Leu Cys Met Asp Asp He Ser Tyr He 

280 

Leu Asn Gly Asn He Arg Asp Arg Tyr Gla Phe Asn Pro Met Glu 

290 300 
Ser He Lys Leu Asn His His Asp Tyr He Asp Ser Pro Ser Leu 

310 

Lys Asp Arg He His Cys Val Ala Phe Val Phe Asp Ala Ser Ser 

320 330 
He Glu Tyr Phe Ser Ser Gin Met lie Val Lys He Lys Arg lie 

340 

Arg Arg Glu Leu Val Asn Ala Gly Val Val His Val Ala Leu Leu 

350 360 
Thr His Val Asp Ser Met Asp Leu He Thr Lys Gly Asp Leu He 

Glu He Glu Arg Cys Val Pro Val Arg Ser Lys Leu Glu Glu Val 

380 390 
Gla Arg Lys Leu Gly Phe Ala Leu Ser Asp He Ser Val Val Ser 



A«n Tyr Ser Ser Glu Trp Glu Leu Asp i» Val Lya Asp Val 



Leu 



410 



He Leu Ser Ala Leu Arg Arg Met Leu Trp Ala Ala Asp Asp £ 

Leu Glu Asp Leu Pro Phe Glu Gla II. JJJ Asa Leu Arg Glu Glu 
440 

He lie Asn Cys Ala Gla Gly Lya Lys *♦*. 

2. Fragment (fADN selon la revendlcatlon 1, dans lequel la sequence de bases eomprend la totalite o 
una partie de la sequence de bases representee par la forrnule : 
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10 20 30 40 

ATG CCA CTC ACA ACT CGT TTG ACA TGG TTG CAT GAA AAG ATC 

SO 60 70 80 

CTG CAA AAT CAT TTT GGA GGG AAG CGG CJT AGC CTT CTC TAT 

90 100 110 120 

AAG GOT AGT CTC CAT GGA TTC CAT AAT GGA GTT TTG CTT GAC 



130 140 ISO 160 

AGA TGT TGT AAT CAA GGG CCT ACT CTA ACA GTG ATT TAT AGT 

170 180 190 200 210 

GAA GAT CAT ATT ATT GGA GCA TAT GCA GAA GAG GGT TAC CAG 

220 230 240 290 

GAA AGA AAG TAT GCT TCC ATC ATC CTT TTT GCA CTT CAA GAG 

260 270 280 290 

ACT AAA ATT TCA GAA TGG AAA CTA GGA CTA TAT ACA CCA GAA 



300 310 320 330 

ACA CTG TTT TGT TGT GAC GTT GCA AAA TAT AAC TCC CCA ACT 
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340 330 360 370 

AAT TTC CAG ATA GAT GGA AGA AAT AGA AAA GTG ATT ATG GAC 



380 390 400 410 420 

TTA AAG ACA ATG GAA AAT CTT GGA CTT GCT CAA AAT TGT ACT 



430 440 450 460 

ATC TCT ATT CAG GAT TAT GAA GTT TTT CGA TGC GAA GAT TCA 



470 480 490 500 

CTG GAC GAA AGA AAG ATA AAA GGG GTC ATT GAG CTC AGG AAG 



510 520 530 540 

AGC TTA CTG TCT GCC TTG AGA ACT TAT GAA CCA TAT GGA TCC 



550 560 570 580 

CTG GTT CAA CAA ATA CGA ATT CTG CTG CTG GGT CCA ATT GGA 



590 600 610 620 630 

GCT GGG AAG TCT AGC TTT TTC AAC TCA GTG AGG TCT GTT TTC 

640 650 660 670 

CAA GGG CAT GTA ACG CAT CAG GCT TTG GTG GGC ACT AAT ACA 

680 690 700 710 

ACT GGG ATA TCT GAG AAG TAT AGG ACA TAC TCT ATT AGA GAC 

720 730 740 730 

GGG AAA GAT GGC AAA TAC CTG CCA TTT ATT CTG TGT GAC TCA 



760 770 780 790 

CTG GGG CTG AGT GAG AAA GAA GGC GGC CTG TGC ATG GAT GAC 



800 810 820 830 840 

ATA TCC TAC ATC TTG AAC GGT AAC ATT CGT GAT AGA TAC CAG 



850 860 870 880 

TTT AAT CCC ATG GAA TCA ATC AAA TTA AAT CAT CAT GAC TAC 



22 



EP0293274B1 



890 900 $10 920 

ATT CAT TCC CCA TCG CTG AAG GAC AGA ATX CAT TGT GTG GCA 



930 940 950 960 

TTT GTA TTT GAT GCC AGC TCT ATT GAA TAC TTC TCC TCT CAG 



970 980 990 1000 

ATG ATA GTA AAG ATC AAA AGA ATT CGA AGG GAG TTC GTA AAC 



1010 1020 1030 1040 1050 

GCT GGT GTG GTA CAT GTG GCT TTG CTC ACT CAT GTG GAT AGC 



1060 1070 1080 - 1090 

ATG GAT CTG ATT ACA AAA GGT GAC CTT ATA GAA ATA GAG AGA 



1100 1110 1120 1130 

TGT GTG CCT GTG AGG TCC AAG CPA GAG GAA GTC CAA AGA AAA 



1140 1150 1160 1170 

CTT GGA TTT GCT CTT TCT GAC ATC TCG GTG GTT AGC AAT TAT 



1180 1190 1200 1210 

TCC TCT GAG .TCG GAG CTG GAC CCT GTA AAG GAT GTT CTA ATT 



1220 1230 1240 1250 1260 

CTT TCT GCT CTG AGA CGA ATG CTA TGG GCT GCA GAT GAC TTC 



1270 1280 1290 1300 

TTA GAG GAT TTG CCT TTT GAG CAA ATA GGG AAT CTA AGG GAG 



1310 1320 1330 

GAA ATT ATC AAC TGT GCA CAA GGA AAA AAA 3' 

dans laquelle le signs '-* represente une base complementairo ds la base representee Juste au-dessus ds 
chaque signs. 

3. Vecteur d'expression dans lequel un fragment rfADN oontsnant une sequence de bases telle que definie 
a la revemflcation 1 ou 2 et codant pourun antJgene renconM specrfiquement chez un note attaint de rhepatjte 
non-A non-B, est inttoduit dans un sBe ds donage present en aval (fun promoteur dudtt vecteur. 

4. Vecteur d'expression salon la revendlcation 3, dans lequel le promoteur peut etre contrite par un factaur 
de regulation. 

5. Vecteur d'expression salon la revendicatJon 3, dsns lequel le promoteur opere dans un mferaorganisme. 

6. Vecteur d'expression salon la revendicatJon 3, dans lequel le promoteur opere dans un eucaryote. 

7. Transfbimant obtenu par transformation d*un note par un vecteur d'expression dans lequel un fragment 
d'ADN contenant una sequence de bases telle que definie a la revendlcation 1 ou 2 et codant pour un antigens 
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rencontnS specffiquement chez un h6te attefnt de I*h6patfte non-A non-B, est fntroduit dans un site de cionage 
present en aval (fun promoteur dudit vecteur. 

8. Transformant selon la revendication 7. dans lequel fhdta est Escherichia coll ou Bacfllus subtllis. 

9. Precede de production d'un antigene rencontre sp6cffiquement chez un hfite attaint de Itiepatite non-A 
5 non-B, comprenant Introduction d'un fragment d'ADN contanant une sequence de bases telle que definie a 

la revendication 1 ou 2 et codant pour ledit antigene rencontrt specifiquement dans un site de donage present 
en aval d'un promoteur d'un vecteur depression, ('introduction du vecteur d'expressron contenant ledit frag- 
ment d'ADN dans un h&te, la culture dudit transformant, et la recuperation de I'antfgene produit et accumule. 

10. Precede pour le diagnostic In vfro de ('hepatite non-A non-B, qui comprend la mise en contact cfun 
10 echantBion de fbie et/ou <fun echantilion de s&um preleve chez un patient soup$onne dtre infecte par une hepa- 
tite non-A non-B, avec la prottfne dont la sequence apparatt a la revendication 1, ou une partie de celle-ci, 
pendant un laps de temps suffisant et dans des conditions suffisahtes pour permettre la production d'un 
complexe entre iadite protelne ou une partie de celle-ci, avec les anticorps contenus dans I'echantnion du 
patient, et la detection de la presence du compfaxe Immunologlque, en particulier, loreque le patient souftre 

15 <fune hepatite non-A non-B. 

PatentansprQche 

20 1. DNA-Fragment, das eine fDr efn antigenes Protein, das spezifisch in einem mit non-A non-B Hepatitis 
befallenen Wirt vorfcommt, kodierende Basensequenz enthSIt, wobei das Protein die ganze oder einen Teil der 
durch die Forme! darges tell ten Aminosduresequenz enthdlt : 



25 
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10 

Met Ala Val Tax Thr Arg Leu Tax Trp Leu His Glu Lys lie Leu 

20 30 
Gin Asa His Pbe Gly Gly Lys Arg Leu Ser Leu Leu Tyr Lys Gly 

Ser Val His Gly Phe His Asn Gly Val Leu Leu Asp Arg Cys Cys 

50 60 

Asn Gin Gly Pro Thr Leu Thr Val Ila Tyr . Ser Glu Asp His lie 

lie Gly Ala Tyr Ala Glu Glu Gly Tyr Gin Glu Arg Lys Tyr Ala 

8° . 90 

Ser lie lie Leu Phe Ala Leu Gin Glu Thr Lys lie Ser Glu Trp 

100 

Lys Leu Gly Leu Tyr Thr Pro Glu Thr Leu Phe Cys Cys Asp Val 

no l20 
Ala Lys Tyr Asn Ser Pro Thr Asn Phe Gin He Asp Gly Arg Asn 

130 

Arg Lys Val He Mat Asp Leu Lys Thr Met Glu Asn Leu Gly Leu 

H° 150 
Ala Gin Asn Cys Thr He Ser Ila Gin Asp Tyr Glu Val Phe Arg 

160 

Cys Glu Asp Ser Leu Asp Glu Arg Lys Ila Lys Gly Val Ila Glu 

170 180 
Leu Arg Lys Ser Leu Leu Ser Ala Leu Arg Thr Tyr Glu Pro Tyr 

190 

Gly Ser Leu Val Gin Gin Ila Arg lie Leu Leu Leu Gly Pro He 
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200 210 
CCly Ala Gly Lya Ser Ser Phe Phc Asn Ser Val Arg Ser V«l Phe 

220 

(Gin Gly His Val Thr His Gin Ala Leu Val Gly Thr Asn Thr Thr 

230 240 
Gly He Ser Glu Lys Tyr Arg Thr Tyr Ser lie Arg Asp Gly Lys 

250 

Asp Gly Lys Tyr Leu Pro Pbe He Leu Cys Asp Ser Leu Gly Leu 

260 270 
Ser Glu Lys Glu Gly Gly Leu Cys Met Asp Asp Zle Ser Tyr He 

280 

Leu Asn Gly Asn He Arg Asp Arg Tyr Gla Pbe Asn Pro Met Glu 

290 300 
Ser He Lys Leu Asn His His Asp Tyr He Asp Ser Pro Ser Leu 

310 

25 Lys Asp Arg He His Cys Val Ala Phe Val Phe Asp Ala Ser Ser 

„ , 320 330 

He Glu Tyr Phe Ser Ser Gin Met He Val Lys He Lys Arg He 



10 



15 



20 



30 



40 



45 



55 



340 

Arg Arg Glu Leu Val Asn Ala Gly Val Val His Val Ala Leu Leu 

350 360 
Thr His Val Asp Ser Met Asp Leu lie Thr Lys Gly Asp Leu He 

370 

Glu He Glu Arg Cys Val Pro Val Arg Ser Lys Leu Glu Glu Val 

380 390 
Gin. Arg Lys Leu Gly Phe Ala Leu Ser Asp He Ser Val Val Ser 

Asn Tyr Ser Ser Glu Trp Glu Leu Asp S Val Lys Asp Val Leu 
He Leu Ser Ala llu Arg Arg Met Leu Trp Al* Al* Asp Asp Phe 

Leu Glu Asp Leu Pro Phe Glu Gin lie Asn Leu Arg Glu ^ 
440 

He He Asn Cys Ala Gin Gly Lys Lys 



2. DMA-Fragment nach Anspruch 1, bei dem die Basensequenz die ganze Oder elnen TeQ der durch die 
Formel dargestellten Phasensequenz enthfllt : 
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10 20 30 40 

ATG GCA 6TG ACA ACT CGT TTG ACA TGG TTG CAT GAA AAG ATC 

SO 60 7Q go 

CTG GAA AAT CAT TTT GGA GGG AAG CGG CTT AGC CTT CTC TAT 



90 100 110 120 

AAG GGT AGT GTC CAT GGA TTC CAT AAT GGA GTT TTG CTT GAC 



130 140 150 160 

AGA TGT TGT AAT CAA GGG CCT ACT CPA ACA GTG ATT TAT AGT 

170 180 190 200 210 

GAA GAT CAT ATT ATT GGA GCA TAT GCA GAA GAG GGT TAC CAG 

220 230 240 250 

GAA AGA AAG TAT GCT TCC ATC ATC CTT TTT GCA CTT CAA GAG 

260 . 270 280 290 

ACT AAA ATT TCA GAA TGG AAA CTA GGA CTA TAT ACA CCA GAA 



300 310 320 330 

ACA CTG TTT TGT TGT GAC GTT GCA AAA TAT AAC TCC CCA ACT 
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340 350 360 370 

AAT TTC CAG ATA GAT GGA AGA AAT AGA AAA GTG ATT ATG GAC 

380 390 400 410 420 

TTA AAG ACA ATG GAA AAT CTT GGA CTT GCT CAA AAT TGT ACT 

430 440 450 460 

ATC TCT ATT CAG GAT TAT GAA GTT TTT CGA TGC GAA GAT TCA 

470 480 490 500 

CTG GAC GAA AGA AAG ATA AAA GGG GTC ATT GAG CTC AGG AAG 

510 520 530 540 

AGC TTA CTG TCT GCC TTG AGA ACT TAT GAA CCA TAT GGA TCC 

5S0 560 570 580 

CTG GTT CAA CAA ATA CGA ATT CTG CTG CTG GGT CCA ATT GGA 

590 «00 610 620 630 

?f! I AAG TCT AGC m TTC **C TCA GTG AGG TCT GTT TTC 

640 650 660 670 

CAA GGG CAT GTA ACG CAT CAG GCT TTG GTG GGC ACT AAT ACA 

680 690 700 710 

ACT GGG ATA TCT GAG AAG TAT AGG ACA TAC TCT ATT AGA GAC 

720 730 740 750 

GGG AAA GAT GGC AAA TAC CTG CCA TTT ATT CTG TGT GAC TCA 

760 770 780 790 

CTG GGG CTG AGT GAG AAA GAA GGC GGC CTG TGC ATG GAT GAC 

800 810 820 830 840 

ATA TCC TAC ATC TTG AAC GGT AAC ATT CGT GAT AGA TAC CAG 

850 860 870 880 

TTT AAT CCC ATG GAA TCA ATC AAA TTA AAT CAT CAT GAC TAC 
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890 900 910 920 

ATT GAT TCC CCA TCG CTG AAG GAC AGA ATT CAT TGT GTG GCA 



930 940 950 96 0 

TTT GTA TTT GAT GCC AGC TCT ATT CAA TAC TTC TCC TCT CAG 

570 980 990 1000 

ATG ATA GTA AAG ATC AAA AGA ATT CGA Afi<3 GAG TTG GTA AAC 



1010 


GGT 


1020 






1030 




1040 




1050 


GCT 


GTG GTA 


CAT 


GTG 


GCT 


TTG 


CTC 


ACT CAT 


GTG 


GAT AGC 


ATG 


GAT 


1060 




1070 




1080 




1090 


CTG ATT ACA 


AAA 


GGT 


GAC 


CTT 


ATA GAA 


ATA GAG AGA 


TGT 


1100 


1110 






1120 


1130 


GTG 


CCT GTG 


AGG 


TCC 


AAG 


CTA GAG 


GAA GTC 


CAA 


AGA AAA 










•» 














1140 




1150 




1160 


1170 




CTT 


GGA 


TTT GCT 


CTT 


TCT 


GAC 


ATC 


TCG 


GTG GTT 


AGC 


AAT TAT 
























1180 


1190 




1200 




1210 




TCC 


TCT 


GAG TGG 


GAG 


CTG 


GAC 


CCT 


GTA 


AAG GAT 


GTT 


CTA ATT 
























1220 


TCT 


1230 






1240 




1250 




1260 


CTT 


GCT CTG 


AGA 


CGA 


ATG 


CTA 


TGG 


GCT GCA 


GAT 


GAC TTC 
























TTA 


GAG 


1270 




1280 




1290 




1300 


GAT TTG 


CCT 


TTT 


GAG 


CAA 


ATA 


GGG AAT 


CTA 


AGG GAG 




1310 


1320 






1330 






GAA 


ATT 


ATC AAC 


TGT 


GCA 


CAA 


GGA 


AAA AAA 3' 








— » » 














5 . 







wobel Jewells die zur direkt darGberatehenden Base komplementlre Base darstellt 

3. Expressionsvektor, beldemein DNA-Fragment, das eine Basensequenznach Anspruch 1 oder2enth§It 
und fiir ein Antigen kodiart, das spaziftech in elnem mft non-A non-B Hepatitis befellenen Wirt auftrftt, in eine 
stromabwdrts vom Promoter des Vektors vortiandene Klonierungsstelle eingefQhrt wird. 

4. Expressionsvektor nach Anspruch 3, bei dem der Promotor durch einen Regtdationsfaktor kontroaierbar 

ist 

5. Expressionsvektor nach Anspruch 3, bei dem der Promotor in einem Mikroorganismus wirksam ist 

6. Expressionsvektor nach Anspruch 3, bei dem der Promotor in einem Eukaryonten wirksam ist 

7. Transformante, erhalten durch Transformieren eines Wirtes mft einem Expressionsvektor, bei dem ein 
DNA-Fragment, das eine Basensequenz nach Anspruch 1 oder 2 enthSIt, die fOrein Antigen kodiert, das spe- 
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zMsch In einem mit non-A non-B Hepatitis befelienen Wirt auftrftt, in eine stromabwdrts vom Promoter des Vek- 
tors vorhandene Kionierungsstelle eingefuhrt wird. 

8. Transfbrmante nach Anspruch 7, bei der der Wirt Escherichia coii oder Barilius subfflts isL 

9. Verfahren zur Herstellung eines Antigens, das spezifisch in einem mit norvA non-B Hepatitis befallenen 
Wirt vorkommt, umfassend die Schritte : EinfQhren eines DNA-Fragments, das eine Basensequenz nach 
Anspruch 1 oder 2 enthSIt, die fQrdas spezifisch vorkommende Antigen kodtert, in eine stromabwdrts vom Pro- 
motor eines Expressionsvektors vorhandene Kionlerungsstelie, EinfQhren des das DNA-Fragment enthalten- 
den Expressionsvektors in einen Wirt, Kultrvieren der Transfbrmanten und Gewinnung des produzierten und 
akkumulierten Antigens. 

1 0. Verfahren zur in vitro Diagnose von non-A non-B Hepatitis, umfassend die Schritte : in Kontakt bringen 
einer Leberprobe und/oder einer Serumprobe, die von einem Patienten mit Verdacht auf eine non-A non-B 
Hepatitisinfektion entnommen wurde, mit dem Protein mit einer Sequenz wie in Anspruch 1, oder einem TeQ 
davon, fQr eine bestimmte Zett und unter Bedingungeri, die ausreichend sind fur die KomplexbDdung zwischen 
dem Protein, oder einem Teii davon, mit dem in der Patlentenprobe enthaltenen Antikdrpem, und Nachweis 
der Anwesenheit des tmmunologischen Komplaxes, insbesondere wenn der Patient an non-A non-B Hepatitis 
lekJet 
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Pig. la 

10 20 30 
5 • ATG GCA GTG ACA ACT CGT TTG ACA TGG TT6 
3' 

40 50 60 

CAT GAA AAG ATC CTG CAA AAT CAT TTT GGA 

70 80 90 

GGG AAG CGG CTT AGC CTT CTC TAT AAG GGT 

100 110 120 

AGT GTC CAT GGA TTC CAT AAT GGA GTT TTG 

130 140 150 

CTT GAC AGA TGT TGT AAT CAA GGG CCT ACT 

160 170 180 

CTA ACA GTG ATT TAT AGT GAA GAT CAT ATT 

190 200 210 

ATT GGA GCA TAT GCA GAA GAG GGT TAC CAG 

220 230 240 

£§A AAG TAT GCT TCC ATC ATC CTT TTT 

250 260 270 

GCA CTT CAA GAG ACT AAA ATT TCA GAA TGG 

280 290 300 

AAA CTA GGA CTA TAT ACA CCA GAA ACA CTG 
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Pig. lb 



310 320 330 

TTT TOT TOT GAC GTT GCA AAA TAT AAC TCC 



340, 350 360 

9?A ACT AAT TTC CAG ATA GAT GGA AGA AAT • 



370 380 390 

A 9d AAA GTG ATT ATG GAC TTA AAG ACA ATG 



400 410 420 

GAA AA7 CTT GGA CTT GCT CAA AAT TOT ACT 



430 440 450 

ATC TCT ATT CAG GAT TAT GAA GTT TTT CGA 



460 470 480 

ISS SSA GAT TCA CTG GAC GAA AGA AAG ATA 



490 500 510 

AAA GGG GTC ATT GAG CTC AGG AAG AGC TTA 



520 530 540 

CTG TCT GCC TTG AGA ACT TAT GAA CCA TAT 



550 560 570 

§§& £££ £22 GTT CAA CAA ATA CGA ATT CTG 



580 590 600 

CTG CTG GOT CCA ATT GGA GCT GGG AAG TCT 
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Pig. lc 



610 620 630 

AGC TTT TTC AAC TCA GTG AGG TCT GTT TTC 



640 650 660 

CAA. GGG CAT GTA ACG CAT CAG GCT TTG GTG 



670 680 690 

GG£ ACS AAT ACA ACT GGG ATA TCT GAG AAG 



700 710 720 

TAT AGG ACA TAC TCT ATT AGA GAC GGG AAA 



730 740 750 

9b"S GGC AAA, TAC CTG CCA TTT ATT CTG TGT 



760 770 780 

GAC TCA CTG GGG CTG AGT GAG AAA GAA GGC 



790 800 810 

GGC CTG TGC ATG GAT GAC ATA TCC TAC ATC 



820 830 840 

TTG AAC GCT AAC ATT CGT GAT AGA TAC CAG 



850 860 870 

TTT AAT CCC ATG GAA TCA ATC AAA TTA AAT 



880 890 900 

CAT CAT GAC TAC ATT GAT TCC CCA TCG CTG 
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Fig. Id 



910 920 930 

AAG GAC AGA ATT CAT TGT GTG GCA TTT GTA 



940 950 960 

TTT GAT GCC AGC TCT ATT GAA TAC TTC TCC 



970 980 990 

TCT CAG ATG ATA GTA AAG ATC AAA AGA ATT 



1000 1010 1020 

CGA AGG GAG TTG GTA AAC GCT GGT GTG GTA 



1030 1040 1050 

CAT GTG GCT TTG CTC ACT CAT GTG GAT AGC 



1060 1070 1080 

ATG GAT GTG ATT ACA AAA GGT GAC CTT ATA 



1090 1100 mo 

GAA ATA GAG AGA TGT GTG CCT GTG AGG TCC 



1120 1130 1140 

AAG CTA GAG GAA GTC CAA AGA AAA CTT GGA 



1150 1160 1170 

TTT GCT CTT TCT GAC ATC TCG GTG GTT AGC 



1180 1190 1200 

AAT TAT TCC TCT GAG TGG GAG CTG GAC CCT 
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Pig. le 



1210 1220 1230 

GTA AAG GAT GTT CTA ATT CTT TCT GCT CTG 



1240 1250 1260 

AGA CGA ATG CTA TGG GCT GCA GAT GAC TTC 



1270 1280 1290 

TTA GAG GAT TTG CCT TTT GAG CAA ATA GGG 



1300 1310 1320 

££2 £?& £55 SAG GAA ATT ATC AAC TGT GCA 



1330 

CAA GGA AAA AAA 3* 
— 5 , 
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Fig. 2 



AAAAATTTATTTGCTTTCAGGAAAATTTTTCTGT 
TTTTTAAATAAACGAAAGTCCTTTTAAAAAGACA 



ATAATGTGTGGAATTGTGAGCGGATAACAATTTC 
TATTACACACCTTAACACTCGCCTATTGTTAAAG 
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Fig. 5 
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Fig. 6 




Heat treatment 
Re -anneal 
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Fig. 7 




T4DNA ligase 
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